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ABSTRACT

A finite element code is developed for analysis and

design of three dimensional truss and frame structures.

Structures are designed for minimum weight subject to

constraints on: member stresses, Euler buckling, shell

buckling, joint displacements and system natural fre-

quencies. Structures are optimized with respect to member

size and structure configuration.

The finite element code may be used for analysis only,

or may be coupled to an optimizer of the user's choice.

The displacement method is used for static analysis, and

structure natural frequencies are calculated via the sub-

space iteration method.

Flexibility is provided for expansion to other than

tubular frame elements, and provisions are made for the

future growth to panel and other types of structural

elements.

Documentation is provided to facilitate use of the

code. A User's manual is presented with examples and re-

sults. An explanation of how this code may be coupled to

an optimizer is also provided.
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I. INTRODUCTION

The task of the Engineer is to provide the best solution

" to the customer's problem. Usually the "best" solution is

the one that does the job with an adequate margin of safety,

is aesthetically pleasing, and is economically feasible.

The solution may be reached through various means, but effi-

cient use of design tools, as well as efficient use of

materials is important since both add to the overall cost of

the product. Design optimization is one method that can be

used to maximize the efficiency of a structure by minimizing

its weight and, presumably, cost.

Optimization of structures has had continuing changes

since its development in the early 1960's with an active

area of research being elastic structures. The main goal is

to design structural systems that efficiently perform speci-

fied purposes. Since most physical structures can be

modeled by the finite element method, a computer program

can be written to perform the necessary calculations to

solve the problem.

The purpose of this research was to develop a finite

4 element code that could be used to analyze a combined truss/

frame structure and could be easily coupled to an optimizer;

thus providing a useful tool for designing such structures

11



as, for example, ships' masts. This code expands the pre-

vious work by Fitzgerald [Ref. 1) on truss structures to

the more general six degree-of-freedom truss/frame case.

The design problem considered in this study is the opti-

mization of three-dimensional statically indeterminant com-

bined truss-frame structures under varying load conditions

and subject to a variety of constraints. The objective is

to minimize the weight of the structure where the design

variables are member sizes and joint coordinates. Constraints

include: maximum normal stress; maximum joint displacements;

minimum structure natural frequencies; Euler buckling; and

in the case of the tubular frame elements, local or shell

buckling.

In the present code, all gradient information is calcu-

lated by the finite difference method. Modification of the

code to permit calculation of gradients analytically has

been identified as a necessary future extension.

This document describes the use and capabilities of the

finite element computer code to be coupled to an optimizer.

The user's manual presented in Chapter V contains a simple

design example in which the program is coupled to the CONMIN

optimization code [Ref. 2). Additionally, guidelines for

coupling the code to an optimizer of the user's choice are

presented.

12



Several examples demonstrating the program under a

variety of conditions are presented. Conclusions and recom-

mendations for future work are given.
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II. ANALYSIS

A. INTRODUCTION

When the finite element method of analysis is used to

design optimization, two objectives must be kept in mind.

First, the number of analyses for the structure should be

kept to a minimum. Second, the amount of gradient informa-

tion required during the design process should be minimized

to shorten run times and minimize computer storage

requirements.

B. STATIC ANALYSIS

Initial formulation of the problem must include approxi-

mate member area- in the case of truss elements, and for

frame elements, characteristic dimensions (for tubular members:

mean diameter and wall thickness); material properties (which

may be different for each member); a set or sets of external

loads; any non-structural attached masses; and specified

joint support conditions.

The analysis for the stresses and deflections at the

joints must satisfy the conditions of equilibrium of forces

at the nodes and geometric conditions of compatibility of

deformation. In this analysis the structure is assumed to

behave in a linearly elastic fashion. The weight of an

individual member is not inherently included as part of the

14



specified load conditions; but, as an option, half of the

weight of each member may be applied at the member's end-

points as an additional load in the negative Y-direction.

For this analysis, the following assumptions are made:

truss and frame members are treated as discrete entities;

truss elements have three translational degrees of freedom

at each node and are treated as pin-connected; frame elements

have three translational and three rotational degrees of

freedom at each node and are treated as fixed-fixed beams;

and loads and reactions are applied at the joints as shown

in Figure 2.1.

The Displacement (Stiffness) method for finite element

analysis [Ref. 3) is utilized where

U(3.1)

and where 6 is the global stiffness matrix, Z is the vector

or vectors of applied loads, and 4 is the vector or vectors

of displacements. The method used herein is an extension of

that described by Felix and Vanderplaats [Ref. 4]. By

applying the constitutive stress-displacement relationships,

stresses in the elements may be recovered.

C. DYNAMIC ANALYSIS

When constraints on the system's natural frequencies

are to be considered, the design process requires the solu-

tion of an eigenvalue problem. The sub-space iteration

Ii
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16



method of Bathe and Wilson [Ref. 5] is used to solve for the

desired number of lowest eigenvalues and the associated

eigenvectors. This method is reasonably efficient for a

small number of lowest frequencies for a large problem, and

* is well suited for re-analysis when small changes are made

in the design.

D. GRADIENTS

Gradients are currently calculated with respect to member

sizes and coordinates only by finite difference techniques.

Inclusion of the capability to calculate gradients analytic-

ally is identified as a needed extension to this work.

17
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III. OPTIMIZATION

A. INTRODUCTION

The primary objective of structural optimization is to

design systems that efficiently perform specified purposes.

Selection of a specific optimizing algorithm must take into

account the following: 1) the structure should be analyzed

as few times as possible; 2) the algorithm should minimize

the amount of gradient information required; 3) the algorithm

should provide reasonable assurance that an optimum or near-

optimum design will be reached.

B. GENERAL FORMULATION

The general statement of inequality constrained minimiza-

* tion is as follows:

Minimize

F(X) (4.1)

Subject to:

G (Z) < 0 j~l,m (4.2)

where F(X) is the objective function to be minimized. The

functions G (X) are the set of inequality constraints to

be met. The vector contains the design variables.

4is



The inequality constraints, G X) < 0 j=l,m, must be

satisfied for the design to be accepted as feasible. Side

constraints, xi and xu ' are lower and upper bounds on the

design variables. The objective function must be minimized

as much as possible while still satisfying all inequality

constraints. In the case that it is not possible to satisfy

all constraints, the most nearly feasible solution must be

found. Felix and Vanderplaats [Ref. 4) is an excellent

source for the basic structural design formulation.

C. DESIGN VARIABLES

The vector X contains the design variables; in this case,

member characteristic dimensions for frame elements, cross-

sectional areas for truss elements, and spacial coordinates

of the joints. The user may elect to optimize the structure

weight with respect to any combination of the above variables.

For truss elements, where normal stress is dependent only

upon the magnitude of the cross-sectional area of an element

and not the distribution of that area, it is sufficient to

use the area as the design variable as long as the Euler

buckling stress can be related to the cross-sectional area.

For frame elements where stresses are dependent on area

distribution, more flexibility is allowed by varying two

characteristic dimensions and allowing the code to calculate

the section properties from these.

19



In the case of tubular elements, the characteristic

dimensions are mean diameter and wall thickness; from which

area, bending and polar moments, and maximum radial dimen-

sions are generated.

The optimum geometry problem requires that the joint

.- coordinates be design variables. The x, y, and z coordinates

of a joint are treated as separate design variables.

In many cases it is desirable to link a set of design

variable together to preserve symmetry, limit the number of

variables to be solved, or to limit the number of unique

elements to be manufactured. The code has provisions for

design variable linking by which two or more variables may

be linked in equality or some fixed ratio.

D. OBJECTIVE FUNCTION

The objective function under consideration is weight

NE
F(M) Z E piAiL i  (4.4):.i:l 12

where pi is the weight density (in consistent units) of the

material of the ith element, A. is the cross-section area

of the ith element, and L is the length of the ith element

and NE is the number of elements in the structure.

E. CONSTRAINTS

This code is designed to accommodate constraints on maxi-

mum normal stress, Euler buckling, local or shell buckling,

20



maximum joint displacements, and minimum natural frequencies

of the structure. All constraint values are normalized.

1. Stress:

For truss elements, maximum normal stress a" isam

calculated directly from the element tensile forces. For

frame elements; tensile stress aA , maximum bending and

shear stresses aB and T are calculated. Maximum and

minimum normal stresses are

amax = max magnitude of aA +±( 2 + 4a 2 (4.5)"-max A-

2

amin = min magnitude of oA + A  + 4a 2 (4.6)

2

The upper and lower bounds on stress may be different for

each member, but are taken to be the same for every loading

condition.

2. Local or Thin Shell Buckling

The stress at which local or thin shell buckling

occurs is given by:

-..""L 0.4Ei  (4.7)

rnItm i /t i

where the subscript i corresponds to the member number, E.

is Young's modulus, Dm is the element's mean diameter, and
1

0l ti is the element's wall thickness.

21



F. DESIGN VARIABLE BOUNDS

Side constraints are imposed on the design variables

as:

CD < CDi  < CD' (4.8)

CD is the characteristic dimension and CD. and CD. are- 1 1

the minimum and maximum allowable characteristic dimensions

of the ith element, and are taken to be the same for all

load cases. If, as is the case in a tubular element, geo-

metry dictates that some relationship between the design

variables cannot be exceeded, i.e., thickness cannot exceed

the mean diameter, the user must arrange the bounds to pre-

clude such an occurrence.

G. OPTIMUM GEOMETRY

Joint coordinates are treated as design variables with

a separate design variable for each coordinate direction

of a node. Coordinate design variables may also be linked.

22
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IV. PROGRAM FEATURES

A. INTRODUCTION

Computer codes each have their own features and formats

with which the user must become familiar if he is to use

the code easily and efficiently. The SADX code developed

in the course of this research has been designed with

various options which are explained in this chapter.

Chapter V contains a User's Manual with sample data for a

typical problem that might be solved with this code: a

truss-braced cantilever beam. This problem along with

other numerical examples will be presented in detail with

results in Chapter VI.

The SADX code was written to be used as a stand alone

analysis program or as an analysis code that could be easily

be coupled to an optimizer (of the user's choice) through

simple modifications to the main driver program.

B. FEATURES

When the user supplies member areas, section types,

characteristic dimensions, material data, connectivities

and joint coordinates, along with a set of program control

parameters; the analysis mode will calculate the weight of

the structure. The addition of one or more se-s of loading

parameters will result in the calculation of resultant joint

23



displacements, member stresses, and/or forces for each load

case along with the desired number of structure natural

frequencies and modes. Design variables may be chosen as

truss element areas, frame element characteristic dimen-

sions, and joint coordinates. When coupled to an optimizer,

the code will minimize the weight of the structure and print

the final optimization information. The code is designed to

be as simple to use as possible while retaining the flexi-

bility for use on a variety of problems.

The code's modular construction allows the user to use

frame element cross-sections other than tubular elements.

This is done by reading in two characteristic dimensions for

each frame element along with a section type identifier.

Subroutine SADX85 is called to calculate the section proper-

ties, area, maximum radial dimensions, and bending and polar

moments of inertia. The user may augment this subroutine to

calculate section properties for whatever section type he

may choose to work with.

Many computer codes require the definition of an auxil-

iary node to orient the principle axis of a non-axially

symmetric element. In this code it is assumed that the

element's local z-axis is parallel to the global x-z plane.

Pseudo-dynamic storage is used to allow storage of most

data in one integer and one real array for more efficient

use of storage.

.2
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Various print control options are available to tailor

the printed output to match the user's desires.

Design variable linking is available to allow elements

and joints to be grouped to maintain symmetry, limit the

number of independent design variables, or reduce the

variety of member sizes generated.

Optimization may be performed with respect to member

size, with respect to structure geometry, or with respect to

both.

Structures may be comprised of truss elements, frame

elements, or a mix of the two types.

Structures may be optimized for multiple load cases with

constraints imposed upon any combination of maximum normal

stress, maximum joint displacements and rotations, Euler

and local buckling, and a specified number of minimum natural

frequencies in free vibration. Separate displacement con-

straints may be imposed for each load case. Both consis-

tent and lumped mass options are coded. Either forces or

stresses or both can be output. The user may decide whether

to include the structure's weight and the fixed masses as

loads applied to the structure.

C. EXAMPLE

The following example of the truss-braced cantilever

beam presented in Tables (I-V) demonstrates some of the

4| options available in the code.

25



TABLE I

TRUSS-BRACED CANTILEVER 3EAM: INPUT CONTROL PARAMETERS

INPUT PARAMETERS FOR STRUCTURAL ANALYSIS AND DESIGN
ROUTINE, "SADI"

TRUSS-BRACED CANTILEVER BEAM: EXIAPLE 1

CONTROL PARAMETERS

TOTAL NUMBER OF ELEMENTS NE= 4
TOTAL NUMBER OF BAR ELEMtNTS NEB= 2
TOTAL NUMBER OF FRAME ELEMENfS, !IEF= 2
TOTAL NUMBER OF JOINTS, NJ= 5
JOINT MAXIMUM DEGREES 6F FREEDOM, JC4- 6
JOINT CONSTRAINT VARIABLE, NCJ= 3
NUMBER OF MATERIAL TYPES, NMT= 2
NUA1BER OF LOAD CONDITIDNS, NLC= 2
NUMBER OF RIGENVALUES NEIG= 1
NO. OF EIGERVALUES CALZULATED, NEIG1= 2
NUMBER OF FIXED MASSES NFM.ASS= 1
EULEP BUCKLING CONSTRAINT ID, NEUBc= 1
LOCAL BUCKLING CONSTRAINT ID, LBUCK= 1
NO. OF DISPL. CONSTRAINTS, NDSPLC= 2
NO. OF FREQ. CONSTRAINrS, NFREQ= 1
LUMPED MASS OPTION, LtIASS= 0
FORCE/STRESS PRINT OPTION,, NS"RES= 2
OPTIMUR SIZE/BOTH/GEOM 0 P'~ IDYCLC= 2
STRUJCTURE WEIGHT AS LOADS OPTION NSTW= 1
FIXED MASSES AS LOADS 3PTION NFMW= 1

ACCELERATION DUE TO GRAVIT"Y GRAV = 0.3864 OE+03
EIGENVALUE CONVZRGPENCE" TOLAANCE, EPSEIG = 0.1000OO1-83

26



TABLE II

EXAMPLE 1: JOINT COORDINATE AND MEMBER INPUT DATA

JCIfT CCC901NAIES
JCU4T y z

1 0.0 0.0 000
2 0:1C0001403 0.0 0.00
3 0.2CCC0 +C3 0.0 0.0
4 0.0 C.15000E*O! 0.0
5 0.0 0.0 0.50000E+02

CCORDItNATE CESIGN VARIABLES
CEj Gh

A ABJ MULTIPLIER
JCINTX Z y x yz

c 0 C 0.00 00
c0 C 0.0 0 800

43 0 c 00010 00010 0.' .3 0 0.00c+I 0100+1.10F-0
5 C 0 0.1OCOE.01 4*IOOCE+01 0*1000E+01

ELEMENT INFOPPATICN vcp eAR ELEMENTS

ELEMENT-JOINT RELATIONSHIPS

LhG NOCEI NOOE2 MATL OVARI AREA LENGTH
1 4 1 1 0*300e~C 0.18031+03
2 Z 5 1 2 0.30001401 0.1116 +03

ELEMENT' INFORPATIEN FEP FRAME ELEMENTS

ELSMEK7-JOINT RELATICKSN!PS ELEPEPNT PROPERTIES

ELEMENT KUMBEP 3
NCDE1 NODE2 MATL 151 OESVAR 2ND C!SVAR

1 2 3 4
AR EA LENGTH i-MOMENT Y -NO 1EN T ZMAX YMAX

09157E+C2 0.100E+0% 0.5111402 O.511S+02 0.300E+01 0.300141

ELEPENT NUNSEF 4
NCDE1 NODE2 PATL 1ST DESYAR 2NO CESVAR

2 3 3 49

AREA LENITHJ Z-MOMENT Y -44OI4SN T Z?4AX YMAX
0.157E.C2 0.1COI+03 C*511E.02 0.511E+02 0.300E+01 0.300141

27



TABLE III

EXAMPLE 1: SAMPLE DISPLACEMENT AND FORCE/STRESS OUTPUT

&C. Cf I"8 ILIP1017% * a

Lo C 1 41 0,111ft1 4
a 3 -0! 0110.'

09. 611 IRAN EL&W#IS a

fungit LIIIC NC! 3Iftstl COCIE A FOR1MICE ,UIM)OmCgF TGVS!r~ 96sMING Of!"INT :60) A NC o51 Pal

3 1 v : i DIRE&13 1I &am 8: ls~t1 S :&u Ail Tat~1:
Him 1: 319 3810= 0:h31"913 3:0 -3:0:331 1 11 3551:0 N410

I hie :114 1.141:1131 i1:1 W: 3:101:41 :W81-1 1:141:21

1 t 1 i.: 3  -01,: .* 1-
c~3T~ .0 ' -f.L!11 .11, :0 8 '.1 T
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TABLE IV

EXAMPLE 1: SAMPLE CONSTRAINT OUTPUT INFORMATION

DISPLACEMENT CCNSTRAIN1S START AT NUMBER 2 AND STOP AT NLMBER5

TPUSS ELEMENT STRESS CCNSTRAINTS
5ART A7 NUMBER 6 AND STOP AT NUMBER 1.7

FPAME ILEMENT STRESS CCNS1RAINTS
~TART AT NUMBER 18 AND STOP AT NUMBER 41

T).E N4.PeER CF CCNSTFBINTS NCTOT a41

-. :4 CE1e2E -. 161?55E*O1 -.389445E+00 ::258895 40O
a -1 4111E4C -. 6I.88EQOo -. 101q41E5.Cl -9438571+00

9) -.101236E4C1 -95tEU4CE+OO -. 03769E+01 -*102428E4C1
I I~ :i!22*C -.102139E+01 - 888444E+0 *1:5E0
21) -411251 cc -.118559 E+01 ::972695E+00 -.597988 E+00

25 -14CZO1MIC -e225Cl4E+CO -177499E+C1 .:127432 +0O1
29) -e955641E+C0 -el71444E+O1 -. 2855FE+Ca -.L00000E*10

*qsq~jC 1o23411E+01 :965558e4.00 :*58174I;St
41) -*951795E+C0
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TABLE V

EXAMPLE 1: FINAL OPTIMIZATION INFORMATION

FIKAL OPTIPIZATICN INFORMATION

OeJ C.SITSC7E.C3

DECISION '.RIAELES (X-VECTORP
41 C 4C10 0.84992E+01 O.4a3a9E.O1 0*21898E+00 0*15576E*00

CChSTPAINI MVLUES (G-VECTORI_11-C.408eeE402 -0.16lC6E+01 -0. 269452.00 -0.25689E+00 -0.17411 E+01
71-C.L10184ol -0.94386E+00 -0.10124j .01 -0.98764E+00 -0.103776+01

131-C.97572c+00 -0. 10214.E+01 -0.E88441 +C -0.11116 5+01 -0.90172 2.00
191-C.7324!e*00 -0.15 287E+Cl -0.47125'.00 -0.11856e.C1 -0.97N70MGC
251-C.1402CEeO1 -0022 01 +00 :0.174M4~01 -0.127432.01 -0.959641.00
311-0.2855(5*00 -0.100C0E.Cl -C.100001 .01 -0.12341E401 -0906556E*00
37)-C.199E+O1 -oelOoE+O1 -09 10000E +01 -0.132772.01 -0.95le0E.CO

ThERE ARE 1 ACTIVE CCNSTRAINTS
CChjTRAIN7 MJMBEFS ARE

TtIEFE ARE 0 VICLATED CONSTRAINTS

THERE ARE 0 AC7IVE SIDE CONSTRAINTS

TEPPINATICh CR17TEPION
AeSfOBJ(11-C5J(I1-1)J LESS THAN DASFUN F13 3 ITERATIONS3

NLPI6ER OF IIERAIICI'S *12

CeJECTIVE FUNCTION WAS EVALUATED 114 TIMES

CChSTRAIN1 FUNC71CNS IPERE EVALUATED 114 TIMES

THIS RUN FECUIREC 116 STRUCTURAL ANALYSES

NU9'S!R OF SECONCS REQUIRED FOR EXECUTION *2.79

WEIGHT OF STRI.CTURE GIVEN AREAS 9 LENGTHS
WE I GtTs 0.51751E*C3

TCTAL WEIGHT INCLUCIhG F IXED MASSES
TClAL wEIGHT= C.08375 E+03

JCIfAT COCFOINATES
JCINT x Yz

1 0.0 0001 DCOE*C3 0.0 8:
1 0: 0C0E*C3 0.0 On0

4 0.0 0.842592402 0.00
5 0C 0.0 0.45432E+02
ELEPENT IAFCRMATICN FOR BARt ELEMENTS

ELEPENT-JCINT RELATIONSHIPS

ELEPEKI NO0DE 1 NOCE 2 AREA LENGTH
4 C. 34811+C 1 0. 1308E+03
5 0.8499 401 0.10qSE+03

ELEPENT IAFORMAIICN FOR FRAME ELEMENTS

ELEPENT-JCINT RELATICNSHIPS

LhC CCEI NC;E2 AREA LENGTH CI'AR.0I'4.' CHAR.DIM.2
I O:Jii[:Si .10001+0~ 0:48391.0! 0:25. 00 o:feL 0.1000 .10 4839 +01 0.1 0
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5V. USER GUIDE

A. INTRODUCTION

In developing any computer code for engineering analysis,

it is necessary to additionally develop concise, easily

understood documentation. This SADX USER'S GUIDE is written

to be easily understood by the user having only minimal know-

ledge of the FORTRAN language. The format follows that of

the optimization code, COPES/CONMIN [Ref. 2].

This chapter is devoted to acquainting the user with the

code and necessary input data.

B. DESIGN EXAMPLE

The simple example of a four-element combined truss/frame

structure is used to demonstrate some of the features of the

SADX program.

The structure is shown in Figure 5.1, and consists of

two tubular frame elements along the x-axis with two truss

braces to the y and z axes from the joint between the frame

elements. A non-structural fixed mass is attached at the

outboard end of the second frame element where two loads are

applied.

C. SADX DATA

The SADX program reads data from unit 5 and writes out-

put on unit 6. Units 30 and 40 are used as scratch files.
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The scratch file numbers may be changed by changing two cards

at the beginning of subroutine SADX01. The SADX program has

the capability to read unformatted data. The following sec-

tions define the data which is required by SADX. The data

is segmented into "BLOCKS" for convenience.

SADX data begins with a TITLE card and ends with a END

card. Comment cards may be inserted anywhere in the SADX

data stack prior to the END card, and are identified by a

dollar sign ($) in column 1. Data may be of either the

"I10" or "F10.0" type or may be free-format separated by

commas with no imbedded blanks. Lines of formatted and

unformatted data may be intermixed.

1. Formatted Data

Formats are of "II10" and "FI0.0" type. "I" formats

must be right justified, and "F" formats must have the deci-

mal point. The number of cards read per data block is listed

at the bottom of each block.

2. Unformatted Data

While the USER'S MANUAL data sheet defines SADX data

in formatted fields of ten, the data may actually be read in

a simplified fashion by separating data by commas or one or

more blanks. If more than one number is contained on an un-

formatted data card, a comma must appear somewhere on the card.

.If exponential numbers such as 2.5+10 are read on an unfor-

matted card, there must be no imbedded blanks. Unformatted

cards may be intermingled with formatted cards. Real numbers

on an unformatted card must have a decimal point.
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EXAMPLES

Unformatted data

!- 5.7,3.2,1.3+6,-5,2

Equivalent formatted data

col 10 20 30 40 50 60 70 80

5 7 3.2 1.3+6 -5 0 2

* Unformatted data

2

2,3

2 3

Equivalent formatted data

col 10 20 30 40 50 60 70 80

2

2 3

2 3

NOTE: The third line of data contains no commas and is

therefore assumed to be already formatted.

Placement of more than eight unformatted data on a

card will create two (or more) formatted cards as required.

Fields of zeros will be created if more data are required

than are filled on an unformatted card.

D. CONSTRAINTS

Constraints are calculated and stored in the G vector

as listed in the following chart. The total number of

constraints

4 NCON'NFREQ+2*NDSPLC+NLC*(2*NEB + 4*NEF + NEB + 2*NEF)

freq displ stress stress buckl buckl
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Where NCON is the total number of constraints, NFREQ is the

number of frequency constraints, NDSPLC is the number of

displacement constraints, NLC is the number of load cases

0imposed, NEB is the number of bar or truss elements, and NEF

is the number of frame elements. When any of the constraints

are missing from the G vector, all constraints are moved up

in the vector. For example, if there is no frequency con-

straint, then a displacement constraint would fill the first

location of the G vector.

CONSTRAINTS ARE STORED IN THE G VECTOR IN

THE FOLLOWING ORDER:

NFREQ FREQUENCY CONSTRAINTS

2*NDSPLC JOINT DISPLACEMENT CONSTRAINTS

STRESS CONSTRAINTS ARE STORED ELEMENT BY ELEMENT

FOR A GIVEN ELEMENT CONSTRAINTS ARE STORED BY LOAD CASE

FOR A GIVEN TRUSS ELEMENT AND LOAD CASE,

CONSTRAINTS ARE STORED:

TENSILE STRESS LOWER LIMIT

TENSILE STRESS UPPER LIMIT

EULER BUCKLING STRESS LIMIT (IF APPLICABLE)

FOR A GIVEN FRAME ELEMENT AND LOAD CASE,

CONSTRAINTS ARE STORED:

NORMAL STRESS AT LOW NODE LOWER LIMIT

NORMAL STRESS AT LOW NODE UPPER LIMIT

NORMAL STRESS AT HIGH NODE LOWER LIMIT
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NORMAL STRESS AT HIGH NODE UPPER LIMIT

EULER BUCKLING STRESS LIMIT (IF APPLICABLE)

LOCAL BUCKLING STRESS LIMIT (IF APPLICABLE)

E. EXAMPLE

The initial configuration of the braced cantilever beam

is shown in Figure 5.1 Stress constraints are imposed as

well as constraints on Euler and local buckling, displace-

ment, and first fundamental frequency. A non-structural

fixed mass is applied at the tip of the beam, and two load

* conditions (P1, and P2) are imposed. The structure's own

weight will be considered as an imposed load as will be the

fixed mass.

The linking of design variables is demonstrated by link-

ing the mean diameters of the two frame members (Dl, and

D2 with Dl=D2). Member size variables are: truss member

areas (Al, and A2), frame member mean diameters (Dl, and

D2), and frame member thicknesses (Tl, and T2). Member

sizing DESIGN VARIABLES are: XA(!):AI, XA(2):A2, XA(3):Dl:D2,

XA(4)=Tl, XA(5)=T2.

Geometry variables are the attachment points (joints 4

and 5) of the two truss members on the y and z axes (Y4,ZS).

Coordinate DESIGN VARIABLES are: XC(1)=Y4 and XC(2)=ZS. The

structure's weight is then optimized with respect to member

sizes and structure geometry for a total of seven design

variables.
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1. Properties/Conditions

Two material types are used: type 1, aluminum, is

used for the truss members; and type 2, steel, is used for

the frame members. The weight densities of the materials

(p) are:

type 1 = 0.1 lb/in
3

type 2 = 0.3 lb/in3

The Young's moduli of the materials (E) are:

type 1 E = 10.0E+E psi

type 2 E = 29.OE+6 psi

The non-structural fixed mass attached at the tip of the

structure weights 250 lb. The applied loads are:

P1 1000.0 lb in the +y direction

P2 1000.0 lb in the -z direction

The acceptable maximum normal stresses are:

type 1 -mx-25000 psi < ama < 25000 psi

type 2 -36000 psi < max S 36000 psi

Displacement limits, imposed upon joint number 3 (the tip)

for each load case in the direction of loading, are:

load case 1 y-direction +/- 3.0 in.

r load case 2 z-direction +/- 3.5 in.

Bounds, placed on the positions of joints 4 and 5 along the

y and z axes, are:

joint ' y-coordinate 0.0 inches to 200.0 inches

joint 5 z-coordinate 0.0 inches to 100.0 inches

The minimum natural frequency of the structure is constrained

to be greater than 1Hz.
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2. Input Control Parameters

aThe following input control parameters are given

for ease of following the example:

NEB=2 NEF=2 NJ=5 NCJ=3

NMT=2 IDVCLC=2 NDJ=2 NEUBC=l

LBUCK=l NFREQ=l NFMASS=I NEIG=l

NEIGI=2 NPRI=O NLC=2 NDSPLC=2

NSTRES=2 NSTW=l NFMW=l

Table VI is a listing of commonly used nomenclature.

The following USER'S MANUAL is divided into blocks

A through P. Appearing directly below each data field line

are the parameters for the TRUSS-BRACED CANTILEVER BEAM

example. It is important to note that the user may choose

any consistent system of units.
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TABLE VI

COMMON VARIABLE NOMENCLATURE

A - MEMBER'S CROSS-SECTIONAL AREA
BL - LOWER BOUND ON DISPLACEMENTS
BU - UPPER BOUND ON DISPLACEMENTS
CHARDIM1,2- CHARACTERISTIC DIMENSIONS FOR FRAME MEMBERS

FOR LSECT.EQ.1: MEAN DIAMETER A4: THICKNESS
DIR - DIRECTION 1=X, 2=r 3=Z, 4=rot about x,

5=rot about y, 9=rot about z.YOUNGS MODULUS
EPSEIG - CONVERGENCE TOLERANCE OF EIGENVALUE

SOLUTIONS (DEFAULT=. 301)
F1I,...FCN- LOWER BOUND ON FIRST SECOND ETC

SYSTEM NATURAL PREcUEN6Y
FX - LOAD FORCES APPLIED IN THE X DIRECTION
FY - LOAD FORCES APPLIED IN THE Y DIRECTION
FZ - LOAD FORCES APPLIED IN THE Z DIRECTION
GRAV - ACCELERATION DUE TO GRAVITY (DEFAULT= 386.4)
IDVCLC - THE OPTIMIZATION OPERATION IDENTIFIER

1 FOR OPTIMUM MEMBER SIZE ONLY
2 FOR BOTH OPTIMUM MEMB?R SIZE AND GEOMETRY
3 FOR OPTIMU.1 GEOMETRY ONLY

IX - CONSTRAINT IDENTIFIER. IF NON-ZERO THE X-DOF
IS CONSTRAINED

Iy - CONSTRAINT IDENTIFIER. IF NON-ZERO THE Y-DOF
IS CONSTRAINED

IZ - CONSTRAINT IDENTIFIER. rF NON-ZERO THE Z-DOF
IS CONSTRAINED

III - CONSTRAINT IDENTIFIER. IF NON-ZERO THE
ROTATION ABOUT THE I-AXIS IS CONSTRAINED

IYY - CONSTRAINT IDENTIFIER. IF NON-ZERO THE
ROTATION ABOUT THE Y-AXIS IS CONSTRAINED

IZZ - CONSTRAINT IDENTIFIER. :F NON-ZERO THE
ROTATION ABOUT THE Z-AXIS IS CONSTRAINED

JN - JOINT NUMBER (GLOBAL)
KEULER- EULER BUCKLING COEFFICIENT FOR BAR
ELEMENTS

L3UCK - LOCAL BUCKLINS CONSTRAINT IDENTIFIER
IF LEUCK.NE.0 LOCAL BUCKLING CONSTRAINTS
WILL BE APPLIED TO TUBULAR FRAME MEMBERS

LC - LOAD CONDITION
4 LMASS - LUMPED MASS OPTIONS

IF LMhSS.EQ.l CONSISTENT MASS MATRIX USED
IF LMASS.NZ.0 LUMP D MASS MATRIX USED

LNO - ELEMENT NUMBER
LSE ECT - CROSS-SECTION TYPE IDENTIFIER

LSECT.EQ.1 INDICATES A TUBULAR MEMBER
NCJ - THE NUMBER OF CCNSTRAINED JOINTS
NDJ - THE NUMBER OF JOINTS WITH (OR LINKED TO)

DESIGN VARIABLES
NDSGI - TRUSS MEMBER AREA DESIGN VARIABLE NUMBER

K NDSG2 - COORDINATE DESIGN VARIABLE NUMBER
NDSG3 - FRAME MEMBER ZHARACTERISTIC DIMENS1ON 1

DESIGN VARIABLE NUMBER
NDSG - FRAME MEMBER CHARACTERISTIC DIMENSION 2

i- DESIGN VARIABLE NUMBER
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NDSPLC - THE NUMBER OF DISPLACEMENT CONSTRAINT SETS
NEB - THE NUMBER OF TRUSS ELEMENTS
NEF - THE NUMEER OF FRAME ELEMENTS
NEIG - NUMBER OF PREZISE EIGENVALUES TO BE FOUND
NEIGi - NUMBER OF EIENVkLUE/EIGENVECTOR TO BE

EVALUATED DEFAULT =MIN(2*NEIG. NEIG 8)
NEUBC - EULER BUCKLING CONSTRAINT IDENTIFIERS.

IF NEUBC.NE.O EULER BUCKLING CONSTRAINTS
WILL BE IMPOSED ON BAR AND FRAME ELEMENTS

NFMASS - NUMBER OF NON-STRUCTURAL FIXED MASSES
ATTACHED TO THE STRUCTURE

NFMW - FIXED MASS WEIGHT IDENTIFIER
IF(NFMW.NE.O) FIXED MASSES WILL BE
CONSIDERED AS LOADS

NFREQ - NUMBER OF FREQUENCY CONSTRAINTS
NID - NUMBER CF INDEPENDENT DEGREES OF FREEDOM
NJ - THE NUMBER OF JOINTS
NLC - NUMBER OF LOADING CONDTIONS
NLJ - NUMBER OF LOADED JOINTS FOR THIS LOAD CONDITION
NMT - NUMBER OF SEPARATE MATERIAL TYPES
NPRI - INPUT PRINT CONTROL

IF NPPI.NE.0 INPUT VALUES are NOT PRINTED
IF NPRI.30.5 LOCI/LOZR/IA/RA ARRAYS PRINTED

NSTRES - THE FOPCE/STRESS PRINT IDENTIFIER
IF NSTRES..EQ.0 MEMBER FORCES PRINTED
IF NSTRES.EQ.1 MEMBER STRESSES PRINTED
IF NSTRES.EQ.2 BOTH -re PRINTED

NSIW - STRUCTURE WEIHT IDENTIFIER
-F (NSTW.NE.O) THE STRUCTURE'S OWN WEIGHT
WILL BE CONSI DERED AS LOADS

POISSN - POISSON'S RATIO
RHO - MATERIAL WEIGHT DENSITY
SIGMIN - MINIMUM ALLOWABLE NORMAL STRESS
SIGMAX - MAXIMUM ALLOWABLE NORMAL STRESS
TX - TORSIONAL MOMENT APPLIED ABOUT THE X-AXIS
TY - TORSIONAL MOMENT APPLIED ABOUT THE Y-AXIS
TZ - TORSIONAL MOMENT APPLIED ABOUT THE Z-AXIS
XA - INITIAL VALUE OF AREA DESIGN VARIABLE
XAL - LOWER BOUNDS ON XA
XAU - UPPER BOUNDS ON XA
XC - INITIAL VALUE OF COORDINATE DESIGN VARIABLE
XCL - LOWER BOUNDS ON XC
XCU - UPPER BOUNDS ON XC
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2DZESCIPTI : Title Carl

Format and Example

I TRUSS-BRAC.ED CANTIL EVER BEAMj

ZjaPL DCON TEAN

1 ANY 80 CHARACTER TITLE MAY BE GIVEN ON THIS

LINE
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DA2_ lLg2q B

DESCRIUM: Control Pirameters

Format and Example

INEB NEF NJ NCJ NMT IDVCLC NDJ FORMAT

[721215131212 i 2

jNEUBC LBUCK[ NFE NFIIASS[1EIG IEG I fra

NLC 1NDSPLCf NS ES NSF71 NFW F3 P5110

2T2 1211I I

NOTE: DEFINITIONS OF PROGRAM1 INPUT CONTROL

4 PARAMETERS ARE LISTED ONI NEXT PAGE
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FIRST C ARD

1NEB-number of bar elements

2 NEF-number of frame elemc-nts

3 NJ-number of joints

4 NCJ-number of constrainei joints

5 NBST-number of seperate material typas

6 IDVCLC-design variable control parameter

If (IDVCLC.EQ.1) NDV=RDVAR1

optimizes wrt member size only

If (IDVCLC.EQ.2) NDV=NDVkRl+ HDV&R2

optimizes wrt member size and geometry

If (IDVCLC.EQ.3) NDV-NDTAR2

optimizes wrt, geometry only
7 kDJ-total linked and design variable join-:s

(i.e. number cf 'movable' joints)

SEC0ND CARD

1 N~lB-Euisr buckling constraint idetifie

If (NEUBC.N!E.O) EULER buckling coast=aints
wili be imposed on bar elamenrts

2 LBUCK-local buckling constraint identi-fier

If (LBUCK.NE.Q) local buckling constra-ints

will be imposed on tubular frame alemnts

3 NFREQ-number of frequency constraints

44 NFNASS-numbar of fixed misses altachgad .o

structure

5 NEIG-number of precisa el-genvalues

be evaluated
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6 NEIG1-number of eigenvalues t.o be evaliaat-ed

DEPAULT=min. of (2*NEIG *NTIG+S)

7 NPR1-print control identifier

NPR1.ne.O input info no4t printed

NPRI.eq.5 RA/IA/LOCE/L:)CI arrays

will be priJ-nted for debugging

THIRD CIRD

1 ILC-number- of load conditions

2 NDSPLC-number of displacazent con-straints

3 NSTRES-fcrce'stross print identi;fier

If (NSTRES.EQ.O) stresses are Printed

if (NSTRES.EQ.1) force; are printad

If (NSTRES.EQ.2) both -ire printerl

4 NSTV-structure weight identifier

If (NSTV.NE.O) the struicture's weight is

considered as loads

5 NFM V-fixed mass weight identifier

If (NFLIW.NE.0) the f~xzd masses are

considered as loads
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2.&XA IJC C

DESC I.: DynamiC Analysis Information

Format and Example

j ASS GR&V SBIGj FORMAr

I i l l I 10,2?10.0

0 13864 1 0.0j

1 LHASS-lumped miss opt.on (if LNI&SS.NE.0)

the lumped mass matr.4x i.s used.

2 GRA-accerat.ion due to ;-.avity

(deafault=386. 4 inches/sec'2)

3 EPSEIG-converi~ence tolaranCe on eiganvaius

souin afa1=311

44



AA BUOCK D

= SCR;2_N: Joint Coordinates

Format and Example

JN X Y Z FORMAT

110110,3F 10.0

[ 0.0 .'0" 0.0
2: 00~o .01 0.0 1 0.0o-0

L4A i0.0 1150.01 0.0
5 0.0I1 0.0 150.0I

ZMELD2 C-04NZII

1 JN-joint coorlinare number

2 X-x coordinate

3 Y-y coordinate

L9 Z-z coordinate

NOTE: Number of cards :aal=NJ
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Omit this block if NDJO in BLOCK B

2ZMRUMP: Coordinate Design Variabla Linking Data

Format and Example

IN I~111 I Iz PCX PC! PCZ FORMAT

4.Ji... 0l7J .0fi 1.0110
5l 0!,,iy . 1 1 1.0

1 IX-design variable associated with x coord.

2 :Y-design variable associat~d with y coord.

3 IZ-design variable associated with z cocrl.
4 PCX-participation coefficient of x-coord.

5 PCY-participaticn coefficient of y-coord.

6 PCZ-participation coefficient of z-coord.

NCTE: Number of cards r91i=%DJ
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C kFL AM F

DESCTIO_: Material Properties

Forma+ and Example

p£-

E HO SIGMIN SIGNAX KEULER POISSN FORMATtiLL L111F10.0
1.1 1-25000. 25000.1 2.03 1.27

1 9E+7 1 0.3 1-36000.1 36000.1 2.01 0271I

.. LU LD CONT Trs

1 E-Young's Modulus

2 RHO-material dansity

3 SIGMIN- inimum allowable stress

4 SIGMAX-zaximum allowable stress

5 KEULER-Euler buckling coefficient

6 POISSN-Poisson' s ratio

OTE: Number of cards read=NMT
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PAU I.ocK G

Omit this block if ,EB=0 in BLOCK B

TON: Bar Element Information

Format and Example

LNCNOWJOD2[ H&TCOD D G1 L i LS ECT FORMAT

3 2 4 1 3.0 1

2 2 5 1 2 3.0 1

CONTENTS

1 LNO-element number

2 NODEl-global number associated wi-h the

element's 1st ncde

3 NODE2-global number associated with the

element's 2ad node

4 MATCOD-material type of this element

5 NDSG1-desian variable number associat.d with

this element's area

6 A-member cross-sectional area

7 LSECT-cross-sqction type ilentifi-r

LSECT.EQ.1 indicates a tubular member

NOTE: Number of cards read=NEB
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p*1

F RAT ALOCK H

Omit this block if NIF=0 in BLOCK B

21 ._I1O4: Frame Element Information Forma- and

Example

LNO NODEl NODS2I MATCOD jNDSG3J NDSG4 LSECT FORMAT

3 1 2_ 2 4
ICHABDIM1 ICHARDIM2[ FORMATJ

5.0 1.0

5.0 1.0

F li,D _CO EIIIrS

1 LSO-element number
2 .IODE1-global number associated with the.

element's lst mode
3 NODE2-global umber associa-ted with the

element's 2nd node

4 MATCOD-material type of this slement

5 NDSG3-design variable number associa:ed wi-h

the element's 1st charicteristic dimensicn

6 NDSG4-design variable number associated with

the element's 2nd chricter s tic 1imensicn
..7 LSECT-cross-section type identifir

LSECT.EQ.1 indicates a tubular membq -

F4 NOTE: Number of cards :ead=NZF
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DATA DLOCK I

PTIjjON: Joint Constraint Informeation

Format and Example

JN 11 IY IZ IIX IYY IZZ FORMIAT

2 010 101
13 0 0 0 O

1 N-o-ntnmmm

2 IX- x-displace-ent const:-i.int identifie=r.

3 IY- y-displacement constraInt ilentifier.

4 Iz- z-displacament constraint idAertifier.

5 IXX- x-axis rotati-on constraint- idsnti-fi-er.

6 IlY- Y-axis rotation constraint etfi:
4 ~7 IZZ- Z-axis rotatiJon constraint dnie:

i.f N.0 - corresponding DOF cons,:rained

NOTE: 4umber of cards ::ead=NCJ
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L'-

R ITA JOCK

Omit this block if .LC=0 in BLOCK B.
RDE T _.N: Joint Loading Information

Format and Example

aINj M FORMAT~
. , I 1 0

1FZ TX Z TZ FORMAT

I10,6F10

I 2 0.0 11000. 1 0.01 0.0 1.001 0.0

- 00 0 0 0.o 0 o
12

F IEP _ L J-u b D o COIT EN-I

1 U-number of lcaded joints for tl.is load

condition

1 JN-joint number

2 FX

3 FY- Forces in the XYZ Airections

4 FZ
* 5 TX
. 6 TY- Moments about "he XY,Z axes

7 TZ

4MOTE: Number of cards read per set=NLJ

4 aNumber of sets of cards :ead=NLC
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DATA ALC K

Omit this block if NFMASS=0 in BLOCK B

DESCRI~jION: Fixed Mass Irformatlon

Format and Example

11111 250. 0

41 JN-joint number

2 MASS-point mass at joint (JI) _n fo:ce units

NOTE: Number of carls read=NP4ASS
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DATA BLOCK L

Omit this block if IDVCLC=3

lSCRIPIiOi: Design Variable Information

(MEMBER SIZE VARIABLES)

Format and Example

XA (1) XAL (2) .... XA(NDVAR1) FORMAT

20.0m 2.200 2020810.01

8200.0

20.0 .10 0.10
=XU(1XA(2) 

. XAU(4DVkRl) FORIAT

I 
I 8I1 0 .0

0.0 Im~mm I

25.0 3_.0 25.0 1. 4. 0.0

FIELD CONTENTS

1 XA-initial value of area design variables

2 XAL-lower bounds on area design variables

3 XAU-upper bounds on area design vriab's

NOTE: read one value of XA, XAL, XAU for each

independent member size variable Jpfined in

BLOCKS G and H

Number of cards read = as required
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DATA BLObCK M

Omit block if

jESCRIPTIOH: Design Variable Information

(COORDINATE VARIABLES)

Format and Example

[,in...... I °- .......... ___________
SXCL(1) XCL(2) . . .XCL(NDVR2) FORAT

3F10.0

2CU 1) XCL(2) XC C(NDVAR2) FORMA

1 XC- Initia bund on coorJ, design va.riabip

~I
XCL-lo5er bounis on coord. design variab.s

3 XCtI-upper bounis on coord. desigr. varlablas

4 NOTE: read One 71lUe Of X%-,XCL,ICU for each

independent coord. vaziable defined ia BLOCK D

Numbor of carls read =as rsauire-ad.



2LT A P~j2C N

Omit this block *f NDSPLZ=O in BLOCK B

2jSCRIPTj0j: Joint Displacement Constraint Irforma--icn

Format and Example

JN DR LC SfL3 FORMAT

112,F1.

3~ 3 2 -3.5 3.5

ZjELD CNET

1 .J1-Joint number

2 DIR-directIon

1=x,2=y,3=z I-Isp.icsment

4=x,,5=y,6=z zotatlon

3 LC-load ccnlition
L4 BL-lower bound or, displazsm-nt

5 BU-upper bouni on displacament

NOTE: Number of cards read= VDSPLC
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Omit this block if NFREQ=O in BLOCK B

_ESCRIP,.IV: Frequency Constraint Informatior.

Format and Example

FF FC2 FC3 I.....FCN FOR1AT

8F10.

ZIET D C3NENrj

1 FC1- lower bound on first natural frequency

constraint in 9z. (cycles per s=.cond)

FCI- lower bound on NFRE2-th natural

frequency constraint in Hz.

(cycles per second)

NOTE: Number of cards read = is required
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AII 142CK P

DE.._P.T N: End card

Format and Example

END jIFORMAT

NOTE: This card SUSr appear at the end of the

4i SADI data.
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VI. NUMERICAL EXAMPLES

A. INTRODUCTION

Design of three-dimensional truss and frame structures

are presented herein and the corresponding numerical results

are summarized to demonstrate the use of the SADX code.

The examples begin with the truss-braced cantiliver

beam.

B. EXAMPLE 1: TRUSS-BRACED CANTILIVER BEAM

The simple truss-braced cantiliver beam, as shown in

Figure 6.1, has been previously used for the SADX USER's

MANUAL example. It consists of two steel tubular frame

members with a common outer diameter and different wall

thicknesses arranged as a cantilever beam along the X-axis.

There is a fixed 250 pound mass at the tip of the beam.

Two aluminum truss members are attached from the beam mid-

point to points on the Y and Z axes. This structure is

designed for optimum member size and geometry under a set

of two load conditions and subject to constraints on maximum

stress, maximum joint displacement, Euler and local buckling,

* and minimum structure natural frequencies. The weight of

the non-structural fixed mass and the structure's own weight

are imposed as loads. There are five member size and two

- coordinate design variables, and a total of 41 constraints.
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The number of analyses required for this design is 116 using

2.75 seconds of CPU time and terminating on the 12th itera-

tion. Of the analyses conducted, 84 were required for the

calculation of gradients. The weight of the structure,

including non-structural fixed masses, is reduced from 9542

pounds to 838 pounds. Results are given in Table VII.

C. EXAMPLE 2: TWO-TIER 3-D PORTAL FRAME WITH TRUSS X-BRACES

The two-tier three-dimensional portal frame with truss

member diagonal braces, as shown in Figure 6.2, is a symme-

tric moderately sized case that can be analyzed easily by a

variety of other codes. There are 20 truss elements, 16

frame elements, and four non-structural fixed masses. The

material used is steel. This structure is designed for

optimum member size and geometry under a set of three load

conditions and subject to constraints on maximum stress,

maximum joint displacement, Euler and local buckling, and

minimum structure natural frequencies. The weight of the

non-structural fixed masses and the structure's own weight

are imposed as loads. There are 10 member size and five

coordinate design variables and a total of 493 constraints.

The number of analyses required for this design is 385 using

120 seconds of CPU time and terminating on the 21st itera-

tion. Of the analyses conducted, 305 were required for the

calculation of gradients. The weight of the structure,

including non-structural fixed masses, is reduced from 9302

pounds to 1462 pounds. Results are given in Table VIII
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TABLE VII

EXAMPLE 1: FINAL OPTIMIZATION INFORMATION

FINAL OP'TIPIZATICN INFORMATION

OBJ a C.SE75CTE4C

TI-EFE ARE 1 ACTIVE CONSTRAINTS
CCNSTRAINI ?JJPBEFS ARE

36

THERE ARE 0 VICLATED CONSTRAINTS

TH-ERE ARE 0 ACTIVE SIDE CONSTRAINTS

TERt'INATICN CRIIESION
AeS(CBJ(11-OBJ(I-1)) LESS THAN DABFUN FCR 3 ITERATIONS
NUMeER OF ITERAIXCNS a 12

COJECTIVE FUNCTION WAS EVALUATEC 114 TIMES

CCNSTRAIN7 FUNCTICNS WERE EVALUATED 114 TIMES

THIS RUN FECUIREC 116 STRUCTURAL ANALYSES
NUieeER OF SECCNCS REQUIRED FOR EXECUTION *279

WEIGH4T OF STRLCTUPE GIVEN AREAS & LENGTHS
WE ICITs O.5e751E+03

TCTA. WEICHT INCLLDING FIXED M4ASSES
TCTAL WE I(GT- C*83751E+03

JCINT COCFDINAlES
JCINKT X y z

1 0.0 0.0 0.00
2 0.1CCCOE+C3 0.0 00
3 0.ZCOCOE.C3 0.0 0.04 0.0 0*84259E+02 0.05 0.0 000 0.45432E+02

ELEMENT IrbFCRPATICN FCR BAR ELEI'ENTS

ELEIAEN'T-JCINT RELATICNSHIPS
ELEMENT NODE 1 NOCE 2 AREA LENGTH

1 2 4 0.3481E+01 0. 13CSE+03
2 2 5 0.8499E+01 0.1098E+03

ELEMENT IfNFORMATICN FOR FRAME ELEMENTS

ELEMENT-SCINT RELATICNSHIPS

INC NCOE1 NCCE2 AREA LENGTIH CH-ARe0!M.1 CHAR.0114.2
3 1 2 o.332cSE+01 0.1000E+03 0.4839E*01 0*2190E400
4 2 3 0.z36eE+o1 0.1OCGE+03 0.4839E+ol 0.15eE.O00

EIGENVALUES AND EIGENV~ECTORS

MCDE NUMBER 1
FREQUENCY a C.419GEE+C2 CPS

C.2631SE+C3 RPS
EIGEhVALUE. 2 E69Z7C1E 0 1
EIGENVEC!2R LGR E OF FPEEDOM
JC114T 1 2 3

I COO 0.0 0.0
2 c.0 Ce0 0.o
3 -0.2343!E-01 -C.32985E-01 -0*745C7E-0j
4 -0.50777E-01 -C. 0745E-01 0.1583OE-01
5 -0*23425E-01 -CN7155E-01 0610CE.01
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TABLE VIII

EXAMPLE 2: FINAL OPTIMIZATION INFORMATION

FINiAL CPTIPIZATICK INFORMATION

O8J C C.1441e8-E+C4

TIHEFE ARE 3 ACTIVE CCNSTRAINTS
CCNSTRAINI NUMBERS ARE

46 91 196

THERE ARE 0 VICLATED CCNSTRAINTS

Th.EFE ARE 1 ACTIVE SIDE CONSTRAINTS
CEC ISION 'AIABLESC AT LCWEROCR UPPER BCUNOS
(M INUS I CICATES LCWER BOUND
-14

TERPINATICN CRITERION
AISS(OBJ(I)-CBJ(I-11) LESS THAN CABRIN FOR 3 ITERATIONS

NLIPBER OF ITERATICNS - 21

OBJECTIVE FLNCTICh WAS EVALUATEC 383 TIMES

CCNSTRAIN7 RINCTICNS WERE EVALUATED 383 TIMES

TI IS RUN RECUIREC 3e5 STRUCTURAL ANALYSES

NU'E FSECCNCS PcQUIREC FOP EXECUTICN a120.7

WEIGHT CF STRUCTURE GIVEN AREAS & LENGTHS
WEIGHT- 0*1441EE+C4

TCIAL WEIGHT INCLUCING FIXED MASSES
TCIAL WEIGHT- Col6418E*04

* JCIIT COCFDINATES
JCINT X Y Z

1 0061,485 +.C 0.0 0 .9COC2E+02
2 0O t21e!35E1+ci 0.0 -0:90002S+02
3 -O.6!!825l+C2 C.0 -O.9COCZE,02
4 -0.63385 +.c2 0.0 0*900C2Ee02
5 0.eZ39E+C2 CZoOOOE+02 0.69074E+O2
6 o.eC239E.+C2 C*2OOOOE+02 -O.eS074E+02
7 -o.eC239E+02 0*20000E4O2 -0.69074E+02
a -O.tC2?9E+C2 C.20OOOE.02 0*69074E.0Z
9 0.LCOCOE+C3 C.lQOOOE+03 0.1COCOE+03

iC O.1COCOE+C3 0.I10000E+03 -0 .1CO 00E+03
11 -0.1C0COE+C3 C.10000E+03 -O.100COE.03
12 -09ICOOOE*C3 0.10000E+03 0*10000E+03

ELEMENT INFOPPATICN FCR BAR ELEMENTS
ELEPENT-JOINT FEL AT ICNSH-IPS

ELEMEN7 NODE 1 NODE 2 AREA LENGTH
1 1 6 0,4255E+CO 0.1612E+03
2 5 0*4255E+CO 0.16125.03
3 1 7 0.42 55E+CO 0.146 E+03*4 3 6 0.4255E+00 001465E+03
5 8 a C.4255E+CO 0.1612E.03

47 0 425'5cCO 0. l11E03
4 5 0:*255 +00 0: 14t5:+0F9 7 0.4255E*CO 0. 2ldE.03

10 6 a 0.4255E+00 0. 2118E+03
11 5 10 0. 15442. Cl 0. 1881 E.03e 9 C."544E+01 00 881E+03H6 11 0.1t544E.01 O.k9 9 6 8 , 0 3
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D. EXAMPLE 3: DD-963 FOREMAST

Example three is a redesign of the forward mast on the

DD-963 of SPRUANCE class destroyer, lc DD-963 foremast has

been chosen as the third test case for the following reasons:

1) the structure is typical of the masts found on many com-

batants in the United States and other navies, 2) high top-

side weight reduction is desirable from a stability viewpoint

for any ship, 3) the structural members are predominantly

tubular, 4) the problem is sufficiently complex to make

conventional design methods cumbersome, 5) the member size

*, and loading information is available.

The structure as shown in Figures 6.3 through 6.6 is

constructed of 172 aluminum frame members. The material

used in the structure is 5036 H32 aluminum, an alloy with

moderate strength, good weldability, and good corrosion

resistance.

This szructure is designed for optimum member size under

a single load condition and subject to constraints on maxi-

mum member stress, maximum joint displacement, Euler and

local buckling.

Some structural simplifications are made. The weights

of mast-mounted radars, antennas, and platforms are modeled

by a series of fixed masses which are imposed as loads along

with the structure's own weight. The forces due to halyards

4and wire antennas are applied as loads. inertial forces due

to ships motion are calculated for the initial design zoint
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I

and consist of the product of a member's half-weight and a

coordinate-dependent load-factor applied at each end of the

element [Ref. 6]. The load-factor multiplier is dependent

on the distances from a point at the intersection of the

design waterline and the ship centerline amidships (frame

264 1/2). Ship's motion loads are applied for a roll to

port. In that the purpose of this example is only to

attempt to solve a large and messy problem rather than to

produce an actual design no attempt is made to include wind,

shock, and blast loads. There are 34 member size design

variables and a total of 1054 constraints. The number of

analyses required for this design is 555 using 4482 seconds

of CPU time and terminating on the 17th iteration. Of the

analyses conducted, 544 were required for the calculation

of gradients. The weight of the structure, including non-

structural fixed masses, is increased from 48,199 pounds

to 56,746 pounds. The structure as modeled was initially

infeasible due, most likely to the structural simplifications

made in the topmast area. Results are given in Table IX.

7
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a TABLE IX

EXAMPLE 3: FINAL OPTIMIZATION INFORMATION

FINAL OPIII1ZAT1CN INFCRMATICN

CU * C.3986C4E.05

TlqERE ARE 2 AC71VE CONSTRAINTS
CCNSTRAINT NUNSERS ARE

E60 t6

TIERE ARE 0 VICLATSD CONSTRAINTS

THERE ARE C ACIIVE SIDE CCNSTRAINTS,

TEFNINATICN CRITEFICN
A8S(OBJ(Ih-08J(I-1) LESS THAN CABRJN FOR 3 ITERATIONS

* MJPBER CF ITERATICNS * 17

COJECTIVE FUNCIICN WAS EVALUATED 553 TIMES
CCNSRAIT FINCTICNS WERE EVALUATED53TIE

TFIS RUN FEQUIREC 555 STRUCTURAL A'NALYSES

WEIGHT CF STRUCTLRE GIVEN AREAS & LENGTHS
INE IGMT 00398e0E405

TCTAL WEIGHT INCLUDING FIXED MASSES
TCIAL WEIGtTs 0.567465-405

NUPeER CF SECONDS RECUIRED FCR EXECUIICN *4482.46

hC. CF FFAZ4E ELEPENTS a 172
ELEMENT-JCINT RELATICNSHIPS

INC NCCE1 NCCE2 AREA LENGTH CHAR.0IM.l CHAR.O!M.2
1 4 12 C. 51;74E+(32 O.IOelSGQ3 C.19C05.O2 0.1002E+01
2 3 11 J.!975E.C2 0.IOSIE+03 C.19COE+02 O.1CCZE,01

1 S C 5575S4.2 0.1112E+03 C.1900E+02 0.1002E401
4 2 10 C.597S +C2 0.1112E+03 C.L900E.02 0.10CZE+0 1

5 4 8 0.624.7S+01 0.1342E+03 C.6563Ee+11 0.3030E00
6 3 6 '.6Z'.7E.Cl 0.L342E403 Co6563E+01 0w3030Et00
7 1 8 0.6247E+01 0.1369E+03 C.6563E+01 C.3C3CE00
a 2 6 0.4247E+01 0.13bqE403 0.6563E+01 0.30?OE+00
9 8 12 C.62',7:.Cl 0.l255E+03 C.1563E+01 0.3030E+00

10 6 11 0*6147E+01 0.1255E,03 C.05635E'31 0.303CE+00
11 e q C.6247E4+2i 0.1132E+03 0.6563E+01 0*3'30E+00
12 6 1C 0.e247E.C. 0.1132E+03 C.6562E+01 C.3C30E+00
13 3 7 0.6247E+01 0.6846E+02 0.6~563E+01 0.3030E00
14 4 7 C.6247E.Cl 0.6846E+02 C.6563E+01 0.3030E+00
15 7 11 Q.6247E.Cl Q.684&5+Q2 C.6363E+C1 Co3C3CE+0O
16 7 12 O.62'7Ei01 0.6846E+02 0.6563E+01 0.3030F-+00
17 1 5 Co6247E.01 O.1156E+03 0.6563E+01 0.3030E+00
18 Z 5 0.62'.7E*CI O.11C;6E03 0.6563E+01 0.303CE+00
is 5 5 0*6247E+Cl 0.1097E,03 0.6563E+01 0.3010E00
20 5 IC C.6247E+Cl 0*10575+0? C96563E+01 0.3CjCE*00
21 5 12 0.6247E+01 0.21725*03 0*6563E+i. 0.30!05+00
22 10 11 C06247E+Cl oe2l72E'03 C.6563E+01 0.30i0E+00
23 11 12 0.6247E+01 t.84COE+02 C.6563E+01 0.3CE+0O

424 s IC Oo6247E.C1 0.18945403 0.65635.01 0.30i305,00
25 12 21 0.595SE.C2 C.10e1E+03 C*19COE.02 0.1002E+01
26 11 1e 0.5575E+02 0.10815403 G.1900E+02 Q.tCC2E+01.
27 s 16 C9597SE+C2 0.11115403 C.1900E+OZ 0.10202E+01
28 10 17 C.5975E+C2 0.1111E+03 C.IeOOE+02 iO.lCC2E+01
25 9 21 0.7358E.O1 0.2380E403 0*7767c+01 0.3C16E+00
3C iC le C.73fee+ci 0.2380E+03 C.77b7Ee01 0.3016E+00
31 11 13 0.71585+01 J.68465+02 C.?767E+01 0.3Cl65:+00
32 12 13 0.7358E+01 0.6846E+02 0.7767E+01 0.3016E+00
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33 13 le 0.73582.Cl 0.6846E+02 0.7767E+01 0.30162E00
34 13 ~1 C.135ECl 0.6646E+02 C. 77 6 7E01 0.3Cl6E+00
35 IC 16 097358E+01 0.2054E.03 0.77672.01 093016E+00
36 16 e ; C.!424E+C1 0.1866E+03 0.5024E+01 0.3437E+00
37 17 18 0.5424E+Cl C.186t62.03 C.!024E+'. 0.3437E-+00
38 is 21 0.5424E+01 0.84C0E+02 0.5024E2+01 0.3437E+00
35 16 11 09!424E.CI C*1663E+03 C.5024E+01 0.3437E.00
40 12 20 0.54242+01 0.12322+03 Co5024E+01 0.3437E+00
41 11 1' C.5424E+01 O.1232E*03 0.5024E+01 0.3437E.00
42 20 21 C.5424E+01 0.64562.02 C.5024E+01 0*3437E4OO
43 I8 15 0.5424E+01 0.6456E+02 0.5024E+01 0.3437E+00
44 is 2C C.!424E+01 0.84C02.02 0.5024E+01 0.3437E+00
45 21 25 O.!97qE.C2 0.10e12.03 C.19CCE.02 C.lGC2E+O1
46 18 28 O.5979Ee02 0.1081E+03 C.1900E+02 0.1002E+01
47 16 26 0!S~ISE+C2 0.1112E.03 C.1900S.OZ 0.1002S+01
48 17 27 0.59152+C2 0.1112E+03 C.1qCCE+02 0.1C02t+01
4S 16 2S G.10582.02 0.2112E.03 0.9952E.01 0.3511E+00
50 17 iE 0.1CSeE+C2 C.2112E.03 C.S952E.01 0.3511E+00
51 20 32 0,5424E+01 091209E.03 C.5024E.01 0.34374+00
!2 i's !C C.5424E.Cl C*1209E.03 0.5024E+01 0.3437E+00
53 20 31l 0.10582.02 0.1626E+03 C.59532E+01 0.3511E+00
54 15 31 0.1098E+02 0.1626E+03 C.5952E,01 0.3511E+00
55 18 24 0.1058E.02 096846E+02 C 9952E+C1 0.3511E+00
56 21 24 C.10,58E*CZ 0.6846E+02 0.9952E+01 0.3511E+00
57 24 2e 0.10582.C2 0.6846E+02 C.99522.01 0.3511E+00
58 24 25 0.10582.02 O.6e46E+02 0.99522+01 0.3511E+00
55 16 25 C.ICSeE+02 0.1384E+03 099952E+01 0.3511.E+00

*60 17 25 0. 10c:81+02 0.13S4E+03 Co.9952E.01 0.3511E+00
61 26 i5 0:1648k +02 0.1558E+03 0.1082E+02 0.4948E+00
62 27 2e 0.164EE+02 C91558E+03 C.i082E.02 0.4848E+00
63 29 322 0.1648E.02 0.1240E+02 0.10822.-02 0.4848F+00
64 28 3C C.1648E+02 0.1240E+03 0.1082E+02 0.4848E+00

*-65 31 32 0.164E2+C2 0.7684E+02 0.1082E+02 0.48482+00
66 30 Jl 0.1648E+02 0.7684E.02 0.1082E+02 0.4848E+00
67 28 25 0.164EE+C2 0,.8400E+02 0. 1082 E+02 0.4848E+00
68 15 tC Q.3142E-C6 C.LQGOE.O0 C.0 0.0
6S 15 eC 0.31422-;06 0.1000E+00 0.0 0.00
7C 20 a 32 C.e1646E C2 C. 96COE+02 C. 10 822+02 0.4848E+00
71 29 359 Q.5q7SE.Q2 0.9611E+02 Col9002+02 G.10C2E+0 I
72 28 37 0.!9152E+C2 0.9611E+02 0.19002-+02 0.1002E+01I
73 26 34 0.59752.0C2 0.9879E+02 C.19002+02 0.1002E+01
74 27 36 0.5979F+02 0.98792.02 C.1900E+02 G.10C2c+01
75 26 35 0.16t7E+CZ 0,1792E+03 0.1056E402 0.5026E+00
76 27 317 C.16672E02 0.1792E+03 C 1056E+,32 0.2 sj6g+oo
77 29 40 0*1667S+02 0.10002+03 0.1056E+02 0.50 6c+00
7f ;8 '8 0.1667E+02 C.IOCOE+03 C.1056E.02 0*50262+00
79 26 f2 0.1667E+02 0.2066E.03 0.10562+02 0.5C26E+00
80 27 H 0.16672-+CZ 0.20662+03 C.1t356E.02 0.5026E+00
81 28 -- 091667E+C2 0,6362E+02 C.1056E+J2 0.5026E+00
H~ iq 33 0 :1667E+02 3.:6382E+02 OsIO56E202 0.50262+00
9-- 23 17 G 166?E*C2 0.6382E+02 0.1056E+02 0.5026E+00
84 ?3 5I 0.16672*02 0.63822+02 C.1056E.02 0.5026E+00
8! 34 '9 0 16672+02 0.12892.03 0.1056E+02 0:5026E+00

e6 --I C 16612+C2 C.12e9E+03 C.1056E'02 0*50262+00
87 319 Z() 0,1667E*0Z 0,3254E2+C2 C.105d62.02 0.50262+00
88 37 18 0.1667E.C2 0.3254F+02 0.1056E+02 0.5026E.00
89 39 47 C.!97SE.C2 0.72C9E+02 C.19002.02 0.1002E+01
90 37 4! 0.59792+02 0 7209E+02 0.1900E+02 0.1002E+01
51 34 '2 0.!97Si:+C2 0.74112+02 0.19002+02 0*1002E+01
92 36 '3 C.!rC752,C2 0.7411E+02 C.1900E.02 C.10CZE+01
93 34 47 0.1697E-+02 0.1446E+03 0.1035E.02 0.521SE+00
54 3.6 'S 0.16572+02 0. 446E+03 0.1035E+02 0.5219S+00

*95 40 '8 0.1667E+02 0.1428E+02 0.10562+02 0.50262+00
9,2l8 46 0.1667E+02 0 74j8E*02 0.1056E+02 0.5026E+00

9 I 2t 0. 1667 E+CZ C. 71 6E+02 C. 10562+02 0.50262+00
98 25 27 091667E+02 0*7176E+02 C91056E+02 0.5026E.00
99 2e 359 C.16gC 0.1217c+03 0.1056E+02 0.5026E+00
100 27 Jf, 0:1667-+02 0.12172E+33 C.10365+02 %0.5C26E*00
101 34 35 0.16672+02 09616SE*02 0.1056E+02 0.5026E.00
102 3! --6 Co1667E+02 Go6168202 Co1056E+02 0.5026E0
103 35 i2 0.166-7E+,02 0.9138F+02 C.1056E+02 0.5026E+00
1C4 35 43 O.16672.02 0.91388+02 0.1056E+02 0.5026E+00
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VII. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

An existing finite element code was expanded to encom-

pass the more general case of frame members; i.e., six

degrees of freedom per joint, Combined truss and frame

structures were designed for minimum weight with multiple

load conditions considered.

The displacement method was used for static analysis

and the subspace iteration method was used for eigenvalues.

Several examples were considered. In every case the

code worked as an analysis tool, and significant weight

reductions were obtained with the coupled optimizer CONMIN.

The SADX design code has been shown to be a useful tool

for ship mast optimum d2sign.

B. RECOMMENDATIONS

The following recommendations may be of value for future

work.

1. The routines necessary to calculate gradients analyt-

K. ically should be added to the code.

2. The code should be extended to include plate and

r shear elements and a library of member cross-sections.

3. An out of core equation solver should be added.
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4. The ability to specify multipliers for applying iner-

tial loads along the three coordinate axes should be added

- in a fashion similar to that used for applying structure's

own weight as loads. Such an addition would simplify dynamic

load analysis and design.

5. The method of gradient calculation should be depen-

dent on specific gradients required [Ref. 7] and [Ref. 8].

6. Gradients of frequency constraints would benefit from

a more efficient algorithm [Ref. 9].

7. The need for a large scale public structural optimiza-

tion code still exists.

8. The code should be modified to allow optimum member

size design followed by simultaneous optimum member size and

optimum geometry design.

7
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APPENDIX A

DATA FILES

A. INTRODUCTION

This appendix contains the data files used to create

the test cases in Chapter VI. Additionally the data file

for the USER'S guide in complete form is presented.

.'7
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TABLE X

DATA FILE TRUSS-BRACED CANTILEVER BEAM

SOL.CK A TITLE I CARO FORMAT 80H
1RLSS-BRAC-D CANTILEVER BEAM: EXAMPLE I

SBLCCK 8 CCNTP PARAMETERS 3 CARDS FORMAT 8110S NEB ND NJ NCJ NMT IDVCLC NOJ
s

S NEUBC LBLCK NFREQ NF#4ASS NEIG NEIGI NPRI

5 NLC NCSPLC NSR N I

SSLGCK C DYNAMIC ANALYSIS INFORMATION I CARD FORMAT I1OZFlO.0
S LMASS GRAV EPSZIG

0 386.1 0.

tBLCCK C JOINT CCOROINATES
S NJ CAPOS FOPMAT 109FO10
I JN X-CCCRO Y-COORO Z-COORO
S I I I I

1 0. 0. 0.
2 100. O. 0.
3 200. 0. 0.
4 0. 1500 0.
5 0. 0 50,.

MBLOCK E DESIGN VARIABLE LINKING DATAs NOJ CARDS FORMAT 4110,3F10.0
s JN Ix IY IZ PCX PCY PCZ

0 1.0 1. I.
5 0 0 2 01.0 .1.0

$BLOCK F MATERIAL PRCPERTIES NMT CARDS FORMAT 6F10.0
S E RI-C SIGMIN SIGMAX KEULER POISSN

I .0.E 0.1 -25000! 25000.! 2! 2
2.SE 7 0.3 -36000. 36000. 2. .27

SBLCCK G EAR ELEMENT INFORMATION NEB CARDS FORMAT 5110,F I9110
S LNC NGCE , NODE3 MATCOO NSOGI AREA LSECT
S I I I1 4 1 3A 1.

2 5 2 3.0
SBLCCK H FRAME ELEMEnT INFGRMAT:ON Z*NEF CARDS FORMAT 7110/2F10
S LNO NOCEZ NCDE3 MATCOO KSOG , NSDG2 LSECT

SSCIAROIM' CHAPCIMZS I

2 3 2 3 5 1

,BLOCK I JCINT CONSTRAINT DATA NCJ CARDS FORMAT 7110
S JN Ix IY IZ lxx IYY IZZ

0 0 0 0 0 0
50

SBLCCK JCIIT LOAC NG CATA I CARD FORMAT 110
S (E.IT IF NLCmC IN BLCCK 61
S NLJ

I1

4
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TABLE XI

DATA FILE TRUSS-BRACED CANTILEVER BEAM continued

$ NLJ CARDS FORMAT II0,6FIO
S JN FX . FYO FZ TX TY TZ0. I I I

a 10 0 0. 0. 0.

3 0. 0.0 -1000.0 0. 0. 0.

$BLOCK K FIXED MASS CATA NFMASS CARDS FORMAT I1OF10.O
s (CPIT IF NFMASS.O IN BLOCK 8)
s JN MASS

2 50 01

SBLCCK L DESIGN VARIALF. INFORMATION CARDS AS REQ'1 FORMAT SF10.0
5 (AREA AND CIMENSICN VAPIABLES CMIT IF NDVAP1=OI
s XA .A(rOVARLI I I i

2C.O 20o0 20.0 2.0 20
3 XAL I12

00 t 4.0 .10 oi
8 XAU(I,
s

25.0 35... 25.0 2.

SBLOCK 00 DESIGh VARIABLE INFORMATION CARDS AS REOD FORMAT SFlOO
I (CCCRaINATE VARIABLES 04IT IF NDVAR2O)
s XCII • * XC(NOVAR2jS. ,I II

SBLCCK h JOINT CISPLACF4SNT CONSTRAINTS NOSPIC CARDS FCRMAT 311092F10
5 (CMIT IFNDSPLC=C IN BLOCK 51
I JN CI fi C BL BU

3 1 -3.0t

S CUI 
3 3 2o~ -3o 5.o.5**e***e 1****** 2*1s*1***r*3 *******s4******5s**,**6*****"*l**7**I,**l**l

SBLCCK C FOQUENCY CCNSTRANTS NO. OF CARDS AS REQD FCRMAT SF10.
I (CIT IF KNRE=DC IN BLOCK 81

s FCJ h
10

s3... 3* s**s22*** -3.*4* *s*3.5 ****6**s*7***

IELCCK P EF0O CAR N
END

1.7
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TABLE XII

DATA FILE TWO-TIER 3-D PORTAL FRAME

SELCCK A TITLE I CARD FORMAT 80H
2-TIEF FRAMC !TRUCTLRE WITH TRUSS X-BRACES: EXAMPLE 2

SeLOCK e C0NTRCJ PARAMETERS 1 CARDS FORMAT 8110
S NE NJ "I NCJ Nf4T IDVCLC NOJ

NEUBCNFREQ NFASS NEIG NEIGI NPRI

S NLC NDSFLC KST RES NSTW N FMW

SeL'CK C CYNAMIC ANALYSIS INFORMATION I CARD FORMAT I10,ZFI0.0
S LMASS GRIV EPSEIG:s I I I

0 .e6.4 0.

$BLOCK C JOINT CCOROINATES
s NJ CARDS FORMAT 1103F10
s JN X-CCORO Y-COORO Z-COORD

2J 100. 0. -100 .100. 0. -100.
3 -100. 0. -100.
4 -100. 0. 100.
5 100. 50. 100.
6 100. 50. -10
7 -100. 50. -100.
8 -100. 50. 100.
9 100. 100. 100.

10 L00. zoo: -1000.
11 -100. 100. -100.
12 -100. 100. 100.

SELOCK E CESIGN VARIABLE LINKING DATA
S NCJ CARDS FORMAT 4110,3F0.0
I JN I) IY IZ PCX pcY PCZ

I
1 1 0 2 1.0 0.0 -1.0

3 1 0 2 -1.0 C.o -1.0
4 1 0 2 -1.0 0.0 1.0
9 3 4 5 1.0 1.0 1.0
6 3 4 5 1.0 1.0 -1.0
7 3 4 5 -1.0 1.0 -1.
8 3 4 F -. 0 1.0 1.0

IBLOCK F MATERIAL PRCPERTIES NMT CARDS FORMAT 6F10.0
S E RI-C SIGMIN SIGMAX K EULER POISSN

,.9+ 0.3 -42C0o. 36Coo. 4. 24 .*,, I* es ~sss **** *** $*4 ** * |~ .****5I€ *.. * s6*** ** ******II|S***

SOLOCK G BAR ELEMENT INFORMATION NEB CARDS FORMAT 5110,FI0I10
I LNG NOCE2 NCDE3 MATCOC NSDGI AREA LSECT
s I I1 6 1 .!

?,2, 1,1, toot!, 2,7.1,1,5.0, 1
, ,82,1,1,5.0,1

4,74,1.1,5.09S7,4 p5, 11 150091
- E,1,~l8,1,1Mxoot

i0,6,8 1,1 5.0I

14,7,1C,1,,Z ,7.C,1
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TABLE XIII

DATA FILE TWO-TIER 3-D PORTAL FRAME continued

15,,12:1,, 5.1l
16,8,11 ,1 2 S.C.1
17,8,9,.1 v 50I1
IF51. 2192, S 11
19,9.11 1,2.5 C 120 ,1091291 ti iv.Ol

SBLCCK H FRAPPE ELEMENT INFORMATION 2*NEF CARDS FORMAT 7110/2F10
S LNC NCCE2 ICDE3 MATCOC ISDG1 NSOG2 LSECT
S I I I I I I I21,1,1,,3,4,1

5.C 0.s
22,2,6,1,3,,1

!.0 0.50
239397v1,39491

!0 0.50
24 ,4 ,8 ,1,3,4 ,
25,5.;,1, ,6,l1 .5

..0 0.50
26 ,6,1iC,1,5.6,1

5.0 0.50

5.0 050

.0 050

5.0 0.50

3C. ,9 1,9, 9 C7 1
!.C Cosa

I , , I 00l
..0 O0 50

39101:o9I

96,1 Sv,1,9,1C,150.C C. 5c

S~OCK I JOINT CCNSTPAINT OATA NCJ CARDS FORMAT 7110
3 JN IXl IY lZ Ixx IYY IZZ
I I I I I I I I

1991,1919,I,

e,
7,

10,
11,
12,S*d** t **tt * ttt**2********3*******4* *t ***5*****6* bt*** 7** ***,*.

SBLCCK J JOINT LCACING CAT6 1 CARO FORMAT 110
S (CI'IT IF hLC-O Ih BLCCK 81
S NLJ

S" NLJ CAPOS FORMAT I10,6FIO
I ,N FX FY FZ TX TY TZ
S I I I I I I
59 1000.
IC 9 1000.o
4.
, '00.

10,9500.
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TABLE XIV

DATA FILE TWO-TIER 3-D PORTAL FRAME continued

~e ,-5c0.
4,
1C ,1000." €oC.Cc.CO00o.

; 12 ,-IUOC.
11 ,C .0,0 .C,-1OCo.

SBLCCK K FIXEC MASS CATA NFMASS CARDS FORMAT I1C,FlO.0
s (CPIT IF NFMASS=0 IN BLOCK 8)

. $ JN MAS
s I IC, 5 CO

,. 11,50.0
12 ,950.C

IeLCCK L CESIGh VARIABLE INFCRMATION CARDS AS REQ'D FORMAT 8F10.0
I (AREA ANC CIMESSICh VARIABLES CMIT IF NOVARI=0)
s XA(II • • XA(NDVARLIS 3. ;.1 5. o C3 o. 5. .

.0 0.1
I XAU (IIS A I I I I III

3C.0 30.0 30.0 .50 30.0 .50 30.0 C.5
2C.0 .5c

SULOCK P DESIGN VARIABLE INFORMATICK CARDS AS REQ'3 FORMAT BF10.0$ (CCORDINATE VARIAELES OMIT IF NDVAR2*OI

$ 10C1 10 I 100 I '1 1CO. 50.LCK" "~ XCL(l

I JN DIR LC BL au

I I

9 10 1 -5.0 5.0
10 1 1 -5.0 5.0
11 1 1 -5.0 5.0

12 1 1 -5.0 5.09 1 2 -5.O 5.0
10 1 2 -lo0 5.0
11 1 2 -5.0 5.0
12 1 2 -5.0 5.0
9 3 3 -5.0 5.0
IQ 1 3 -5.0 5.0
11 3 3 -5.0 500
12 1 3 -5.0 5.0

SLCCK C Ft!EQUENCY CCNSTRAINTS NO. OF CARDS AS REQ'0 FORMAT BF10.0
s (CIT IF NFREC-O IN BLCCK 81

Ss 1.C S 10.EN
SELCCK F END CARC;

t ENC
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TABLE XV

DATA FILE DD-963 FCREMAST

SBLOCK A TITLE
CC-963 CLASS CESTROYER FORWARD MAST REDESIGN: EXAM.PLE I
$ THIS IS A SIPPLIFICATICh OF THE ACTUAL STRUCTURE AND LOADS BASED ON
S NAVSFIPS OPhnING NUMBER 128-4535510 AND NAVSHIPS SKETCH NUMBER
S 80064-128-SK'45875979
S THIS ANALYCIS RECLIPES A THE X-AXIS FORWARO Y-AXIt UP, AND Z-AXIS
S TO STOD; A CIFFERENT ORIENTATION THAN IN THE ABOVE DRAWINGS
SELCCK e CCNTCCL PARAMETERS
S NEB NEF NJ NCJ NMT IDVCLC NOJ

$ NEUBC LBLCK NFREQ NFMASS N.G NEIGI NPRI$ I I I I
1 0 33 0 C

I NLC NDSFLC NSTRES NSTk IFRA

SELCCK C CYNAM/IC ANALYSIS INFORMATION
C 386.4 0.

SBLOCK C JOINT CCOROINAIES
1 -240.0 0.0 -106.0
2 -240.0 0.0 1C6.0
. O.C 0.0 42.0
4 0.0 0.0 -42.0
5 -228.C 54.0 0.0
6 -120.0 54.0 68.4
7 -2.64 54.0 0.0
8 -120.C 54.0 -68.4
9 -216.C IC8.0 -54.7

10 -216.0 108.0 94.7
11 -5.2e 108.0 ,2.0
12 -5.28 I8.0 -42.0
13 -7.92 162.0 0.0
14 -172.C 444.0 0.0

S NOCE 15 IS Ar% UNCCNNECTEC FIXED DUMMY NODE
15 0.1 0.0 0.0
16 -152.6 216.0 -83.16
17 -192.6 210.0 83.16
18 -IC.56 216.0 42.0
19 54.0 216.0 42.0
20 54.0 216.0 -42.0
;1 -IC. 56 216.0 -42.0
22 -172.C 736.0 -18.0
23 -172.0 736.0 18.0
24 -13.2 270.0 0.0
25 -168.8 324.0 O.3
2t -168.8 324.0 -71.76
27 -168.8 324.0 71.76
28 -15.84 324.0 42.0
29 -15.84 324.0 -42.0
20 1C8.0 324.0 48.0
31 168.0 324.0 0.0
32 1C8.C 224.0 -48.0
33 -18.12 372.0 0.0
34 -147.8 420.0 -61.68
35 -147.8 420.0 0.0
_6 -147.8 420.0 61.68
- -20.4 420.0 42.0
38 12.C 420.0 39.0
35 -20.4 420.0 -42.0
4C 12.0 420.0 -39.0
41 -22.2 456.0 0.0
42 -132.0 492.0 -54.0
43 -132.C 452.0 f4.0
44 -172.0 492.0 -!4.0
45 -24.C 4q2.0 42.0
46 30.0 492.0 36.0
47 -24.0 492.0 -42.0
4f 30.C 4q2.0 -36.0

S FNC NCCES FCF THE LOWER QUADRAPOD CF THE FORWARD 4AST
I START THE UPFER FCFEYAST NODES

32
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TABLE XVI

DATA FILE DD-963 FOREMAST continued

49 -172.C 452.0 -120.0
50 -172.C 492.0 120.0
!1 -228.0 408.0 0.02 -2e9.C 492.0 -56.0
'-3 -2E .c 492.0 56. 0
'1 : 240.0 4q2.0 0.0

S. -172.C 452.0 -276.0
56 -172.0 452.3 276.0
!7 -218.0 600.0 -24.0
58 -2180 6C0.0 24.0
59 -172.0 492.0 !4.0

3 NODE 6C IS AN UNCCNNECTEC FIXED CUPMY NOCE
t0 0.0 0.0 0.0d. :1*0 600.0 0.0
62 -172.0 432.0 2.0
e3 -172.C 664.0 - .0
e4 -172.0 736.0 1.0f5 12C 896.00 O 00
e 6 -172. *0 76,0 0.O
t 7 :172.0 1056.0 0.O
e. 8 -172.C 7/36*0 -264. 0
e9 :172*0 736.0 2 64.O
1C *172.C 736.0 -156o0
11] -172.0 736.0 1!6.0
"72 -172.0 736:0 -228.0
73 -172.C 736.0 228.0

$BLOCK F MATERIAL INFCrmATION2.^YE47 0.1 -42000. 42C00. 4. .2T

JOLUCK C EAR ELEMENT INFCRMATION NES CARC$ FORMAT 5110, F10 110
I LNC NCE2 KCDE3 MATCOG NSCG1 AREA LSECTs I I 1 I I I

$ELCCK I FP AE ELEMENT INFORMATION
$ START FRAM6 ELEMEINIS FCR 1ST CR LOWEST TIER OF QUAORAPOC

1 4 12 1 1 2 1
11.75 .75

2 3 11 1 1 2 1
11015 .75

3 1 91121
11.15 .75

4 210 1 1 2111.75 A7I
5 4 8 1 3 4 17.625 .375
6 3 6 1 3 4 1

7.625 .375
7 . 8 1 3 4 1

7.625 .3 A
e 2 6 1 3 4 1

7.625 .37!
q 12 1 3 414 7.62 .372

.379 1 3 4 1
7.625 .7

12 6 10 1 3 4 1
7.6e5 .375

13 3 7 1 3 4 1
7.625 .375

14 4 7 1 3 4 147.61j 37 11 1 1
7.625 .375

16 7 12 1 3 4 1
7.62! ,37!

17 1 5 1 3 4 1
7.625 .3 75

18 . 3 75 S 1 3 4 17.i2g .37

4
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TABLE XVII

DATA FILE DD-963 FOREMAST continued

19 5 9 1 3 4 1
7.6;5 .375

205 10 1 3 41
7.625 337 4

7.625 *3
227.6252 10 1 3 4 1
23 1 12 1 3 41

7.625 .375

24 g10 1 3 41

7.e25 o37!iiii
I ENC 1ST TIER CF CUACPAPOC START 2NC TIER

25 12 21 1 1 2 1

1111 1 6

6 16

11o"1527 9 17 1 7 8 1117.57 975

001 8 1

19 9 21 1 5 8 1
7.e25 o371

30 18 is 1 5 6

7.625 .375--3 11 13 1 5 6

4,. 4 19 20 1 7 8 1

7.625 .37532 12 13 1 5 6 1
7.825 .375 2 1

7.625 315

S5 17 16 1 9 1 1

7.625 375
-6 2j 21 1 7 8 1

10.25 .37
?7 17 i0 1 7 8 1

11*25 375

la.2. 21 1 7 8
7.e25 .371

40 11 20 1 7 a
11. 625 .375

14 1 9 1 1, 7.625 *375
42 20 21 1 7-2

71.e25 .75

44 19 20 1 7, a.1
71.e25 .375

45 A 297 1 1 21
" 11.75 75

46; !7 28 1 1 20

48O 17 278 1 1 10

~~~1.765 e75
S11.61} o375 2

7ef5
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TABLE XVIII

DATA FILE DD-963 FOREMAST continued

!4 19 31 1 9 101
£5 18 24 1 9 10 17.625 .375
56 2 24 1 9 10 1

7.t25 .37

!7 24 28 1 9 10 1
7.625 .375

!8 24 29 1 9 10 17.eJ .J75 1
9l 25 1 9 10 1

t0 17 25 1 9 0Q
11.!C .5C

S MEMBERS 61 TIRU 70 MOCEL THE SPQ-9 PLATFCRM ALCNG WITH A FIXED MASS
t1 26 29 1 11 12 1

11.0!C .!C6212 J7 28 1 11 12 1

632s 32 1 11 121
11.5-0 .50

64 28 30 1 11 12 1
11.0 .50

es 65 32 1 11 12 1
11.!o50

t6 31 30 1 11 12 1
ll.!3 .50
70 2e 29 1 11 12 1

11!.0 .50
S ELEMENTS 68 AND 69 ARE DUMMY ELEMENTS

11 is 60 1 0 0 1.&CI .0001
69 H8 60 1 0 0 1

.OC1 .0001
70 ?0 32 1 112 1

11. C .so
3 ENC Tk. 3RD TIERk CF TI-E QUAORAPOC START THE 4TH TIER

!2939 1 1 21
72 28 37 1 1 2 1

11.75 .75
1? 26 34 1 1 2 1

11.75 .75
74 2; 36 1 1 2 1

17.65 .75
75 26 39 1 13 14 1

7.625 o375
76 27 37 1 13 14 1

7.625 .375
17 40 1 13 14 1

7.625 .3.5
78 28 38 1 13 14 1

7.t25 .37
79 26 52 1 13 14 1

7.625 .375
7 0..3 J 53 1 13 141

El 28 33 1 13 14 1
7.4;5 .375

f2 29 33 1 13 14 1
7.1;! .375

83 33 37 1 13 14 1
7.425 w375

e 4 39 1 13 141
7.625 .3 if

1! 34 39 1 13 141
7.e25 J379

E6 36 37 1 13 141
7.62! .375

V7 39 40 1 13 141
7.e25 .375

8 37 38 1 13 14 1
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TABLE XIX

DATA FILE DD-963 FOREMAST continued

7.625 .375
124 53 54 1 15 16 I

7.25 .375
125 42 54 1 15 16 1

7.625 .375
126 43 54 1 15 16 17.f2! e37!"
127 .4 ,44 1 is 16

7.6;!
li8 43 59 1 15 16 1

7.e,5 .375
S ENC ThE LOWER CUADAPOD START THE TOPMAST MEMBERS

129 52 58 1 17 18 1
7.625 .375

11.0 S2 57 1 17 18 1
7.625 .375

131 53 58 1 17 18 1
7.f25 .37!

132 57 61 1 17 18 1
7.625 .375

133 58 61 1 17 16 1
7.625 .375

134 57 58 1 17 16 1
7.625 .375

135 57 63 1 17 18 1
7.425 e375

136 so 63 1 17 1 17.e2!5 .375
137 14 25 1 19 20 1

23.CO 1.5
1.--e14 62 1 19 20 1

23.CO 1.!
.13 6j 61 1 19 20 123.CC 0

140 61 63 1 19 20 1
23.CO 1.!

141 63 64 1 19 20 1
23.CO 1.5

142 64 65 1 21 22 1
9.0 .50
143 65 66 1 21 22

144 66 67 1 21 22 1

4-373 1 13 141
7.625 .375

J UPPER VARDARPS ANC BRACES
146 64 70 1 23 24 1

14,CC .75
147 64 71 1 23 24 1

14.C0 .75
148 70 72 1 25 26 1

1C.CO .50
149 71 73 1 25 26 1

lC.CC .504 1O 72 68 1 25 26
10.00 .50

1!1 73 69 1 25 26 1
1l0 .50

7j ?2 1 27 26 1

1H 61 73 1 27 26 17.6J5 *375
1-4 63 70 1 29 30 1!.75 25
1!5 63 71 1 29 30 1

!75 •2a
156 61 72 1 27 28 1

7.t;5
1!7 6j 73 1 27 28 17,eJ5 e3751.8 63 70 1 29 30 1
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TABLE XX

DATA FILE DD-963 FOREMAST continued

7.625 .375
S END ThE 4RD "hER CF T-E CUADRAPOC START TIE-e 5TH TIER

89 3S 47 1 1 2 1
11.75 .7i

50 37 45 1 1 2 1
1101! e7!

91 34 42 1 1 2 1
10 .75

S2 36 43 1 1 2 1
11.75 .75

.3 34 47 1 15 16 1
7.625 .375

S4 36 45 1 15 16 1
7.6;5 .375

7. 48 1 13 14 1

56 38 46 1 1.3 14 1
70625 .3 75

57 2! 26 1 13 14 1
70t25 0375

i8 5 27 1 13 14 17.62! .375.

99 26 35 1 13 14 1
7.625 .375

ICO 27 35 1 13 14 1
7.625 .375

1C1 34 35 1 13 14 1
7.625 .375

1C2 35 36 1 13 14 1
7.625 .375

1C3 35 42 1 13 14 1
7.62! .375

*ICA 3! 43 1 13 14 1
7.625 .375

IC! 37 41 1 13 14 1
7.625 .375

1C6 39 41 1 13 14 1
70 2 e375

IC? 41 45 1 13 14 1
7.6;! .375

Ica 4j 47 1 13 14 1
7.625 .37

5 PEM8ERS 109 1.RU 128 MODEL THE SPG-60 PLATFORM ALONG WITI, A FIXED MASS
1C9 42 47 1 15 16 1

7e625 .37
110 43 45 1 15 16 1

7.625 .375
11 42 43 1 15 16 1

70 :, o37!
Ili 45 47 1 15 16 1

7.e5 * ,375
113 4e 47 1 15 16 1

7.625 .375
114 45 46 1 15 16 1

7.625 .375
115 48 46 1 15 16 1

7.625 o375
116 51 53 1 15 16 1

7.62! .37
117 26 51 1 13 14 1

7.625 .375
l1i 27 51 1 13 14 1

7.dS o375
552 51 1 13 14 1

7.C5 .375
Igo 1 13 14 1

7.624 .37
11 44 52 1 15 16 1

7.605 .375
17 53 59 1 15 16 1

7.625 .375
123 52 54 1 15 16 1
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TABLE XXI

DATA FILE DD-963 FOREMAST continued

159 63 71 1 29 30 1
5.75 .25

I SPS5! PLATFOFM
160 63 22 1 29 30 1

5.75 .2
164 63 23 1 29 30 1

5.75 2
v 2 1 29 30 1

7.025 237

316 64 2 1 29 30 1
5.75 .25
1!f. 64 22 1 29 301
575 .25

S LOhvER NARDARP ANO ePACES
16! 44. 62 1 15 161

7.625 .375
166 59 62 1 15 161

7.625 .375
167 49 44 1 31 32 1

11.!0 .50
1e8 5s so 1 31 32 1

110.0 650
1g 4S 55 1 31 32 1

11.0 .50
170 50 56 1 31 32 1

11 !C .5C
171 14 49 1 33 34 1

5.75 .25
172 14 so 1 33 34 1

5.75 .25~S********l****~t****2*********3********* ** ******* s~5*****************7**

SBLOCK I JOINT CCNSTRAINT DATA NCJ CARDS FORMAT 7110
$ Jh IY IXA IYY IZZ

2 1 1 111, , 1 1 i I

500 0 0 0 0
6 C 0 0 0 0 0
7 0 0 0 0 0 0
a 0 0 0 0 0 0
9 C 0 0 0 0 0

10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 C 0 0 0 0 0

3 0 0 0 0 0 0
14 0 0 0 0 0 0
15 1 1 1 1 1 1
16 0 0 0 0 0 0
17 0 0 0 0 0 0

ia0 0 0 0 0 0

0 0 0 0 0 0C00 0 0 0
22 0 0 0 0 0 0

0 0 0 0 0 0 0
R 0 0 0 0 0 0

25a0 0000
360 0 0 0 0 0

47a0 0000
26 0 0 0 0 0*jQ00 0 0 0

a0 0 0 0 0 0
3a0 0 0 0 0

40 0 0 0 0 0

37 0 0 0 0 0 a,-- : o o o o9
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TABLE XXII

DATA FILE DD-963 FOREMAST continued

38 0 0 0 0 0 a
3s 0 0 0 0 0 0
40 0 0 0 0 0 0
41 0 0 0 0 0 0

4C0 0 0 0 0
43 0 0 0 0 0 0
44 0 0 0 0 0 0
45 a 0 0 0 0 0
46 0 0 0 0 a C
47 0 0 0 0 0
48 C 0 0 0 0
49 0 0 0 0
t0 C 0 0 0 0

ao 0 0 ) 0
00 0 0 0 0

C3 0 0 0 0 a
0°  0 o o a

!5 o a 0 0 a a
!6 0 0 0 0 0 057 0 0 0 0 a o
58 0 0 0 0 a 0
!s C 0 0 0 0 0

"60 0 0 1 O 1 1ea 0 0 0 0 0
0 0 0 0 0 0

63 0 0 0 0 0 0
63 0 0 0 0 o 0
64 0 0 0 0 0 0
66 0 0 0 0 0 0
e6 0 0 0 0 0 0f? a o 0 0 0 0

690 0 0 0 c a
I 0 0 0 0 0 0
71 0 0 0 0 a 0
72 a 0 0 0 a a
73 0 0 a 0 0 0

SBLCCK J JOINT LCADING CATA 1 CARD FORAT 110
I fCI'IT IF NLC=C IN 8LCCK 5)
S NLJS I

s NLJ CARDS FORMATI10,6r=10
S JN FX FY FZ TX TY TZ
I -ALYARC AND hIRE ANTENNA LCAOS
s I I I I I I

40 -5C. -100.0 0. 0. 0. 0.
15 -50. -100.0 0.0 0. 0. 0.
f 6 -50. -c0:0 0.0 0: 0. 0:

S "I 67 ?. -50.0 0.0 0. 0. 0.
S SHIP$! fPOTICA LOADS
I JN FX FY FZ TX TY TZ

0A 0. 160.0 0.0 0.0
0.C 0.0 163.3 0.0 0.0 0.0

3 0.0 0.0 96.4 0.0 0.0 0.0
4 O.C 0.0 137 5 0.0 0.0 0.0
5 0.0 0.0 1C82 0.0 0.0 0.0
6 0.0 0.0 184.3 0.0 0.0 0.0
7 0.0 0.0 I6.7 0.0 0.0 000
a 0.0 0.0 184.3 0.0 0.0 0.0
9 0.0 0.0 414.9 0.0 0.0 0.0
10 0.0 0.0 467.0 0.0 0.0 0.0

1 0.0 0.0 381.6 0.0 0.0 0.
OC 0.0 381.6 0.0 0.0 0.

3 0.0 0.0 70.2 C.0 .0 0.0
4.0 0.0 325. 4 0.0 0.0 0.0

O.2 0.0 525.7 0.0 0.0 00
17 0.0 0.0 528.5 0.0 0.0 0.0
18 0.0 0.0 429.1 0.0 0.0 0.0
19 0.0 0.0 226.9 0.0 0.0 0.0

.39



TABLE XXIII

DATA FILE DD-963 FOREMAST continued

20 0.0 0.0 214.8 0.0 0.0 0.021 0.0 00 468.9 0.0 0.0 0.022 0.0 0.0 539,0 00 0.0 0.03 010 0.0 5-9,0 0.0 0.00 .0 0.0 fl 6 0.0 0.0 0025 o.C 0.0 474.7 0.0 0.0 0.026 0.0 0.0 3234.2 0.0 C.0 0.021 000 00 2296.2 0.0 0.0 0.028 0.0 0.0 1874,0 0.0 0.0 0.029 0.0 0.0 1874o0 0.0 0.0 0.030 0.0 0.0 14!9 2 000 000 0.00.0 0.0 1238.5 0.0 0.0 0.00.0 0.0 1489.9 0.0 0.0 0.033 000 coo 211,7 0:0 0:0 0.034 000 0.0 498o7 0.0 0.0 0.0-35 o0¢ 000 606,8 000 coo0,
36 0.0 0.0 4S8.7 0.0 0.0 0037 0.0 0.0 725.9 0.0 0.0 0.0i8 0.0 0.0 174.3 0.0 0.0 0.039 0.0 0.0 725,9 0.0 0.0 00
40 O.C 0.0 174.3 0.0 0.0 0.041 O.C 0.0 345.5 0.0 0.0 0.042 0.0 0.0 1729.0 0.0 0.0 0.043 0.0 0.0 1729,0 0.0 0.0 0.044 0.0 0.0 1425.6 0.0 0.0 0.045 0.0 0.0 1810.4 0.0 0.0 0.046 0.0 0.0 1468,1 0.0 0.0 0.0i"4 7 0.0 0.0 1810*4 0.0 Q*O 0coo
4e 0.0 0.0 1468.1 0.0 0.0 0.049 0.0 0.0 43S°6 0.0 0*0 0.0so 0.0 0.0 185.6 0.0 0.0 0.0!I= Oo6C 000 540e9 0o0 000 0.0

S3 0.0 0.0 73:.8 0.0 0.0 0.0

0.0 0.0 34. 0.0 0.0 0.0

!=4 0.0 000 4e4eZ 000 000 000!9S 0.0 000 l 3,0 0.0 000 coo.
!6 0.0 0.0 H44.0 0.0 0.0 0.0

!a"C 00 0.0 F'X6.2 0T0 COO 0.0
!S 0.0 00 14H.6 0S0 000 00K 61  00 . 0.0 7308 0.0 00 0006J 000 0.0 304..6 0.0 0.0 0.0

0o0 000 544. 000 0.0 0.0e4 0 .0 14C7.7 000 000 0*0
e5 03 0.0 135.0 0.0 000 000t6 00 00 138.8 0.0 0*0 0.067 0.0°  0.0  100.3 000 0.0 o a

,e 689C 000 6001 0o0 000 0:069q 0*0 0.0 EO.1 0. 0 O,0 00070 0.0 0.0 463.2 0.0 0.0 0.0071 00C 0,O 1713,1 000 0,0 000. 72 00•0 0.0 2--7.0 0, 0 O,0 coo0
713 0.0 0.0 1081.2 0.0 0o0 0.0

SBCKKFTXEC MASS CATA NFMASS CAIFOS FORMAT liaOFl0.0
$ LCIJcIT IF NFMAS.S-¢ Ik BLOCK 81
S JN MA l. SS

Ks 2c -2
S SPC-S AND FLATF0o 0

j6 es€.0
28 e.€o .0

?2 890 0

SSPG-60 ANC P~FA



42 .40.0
43 540.0
44 S40.*0
45 540.00

48 5 40.
q 540.0

s SPS-!5 AND PLATFCRP
22 325.0
23 325,0
SE4 ?25.c

S ANTEINNAS ANC OTHER FIXTURES
49 25.0. -C BOO

'i !5 12.0

5 12.0
64 220.0V7 209C
68 26.0
69 26.0
7C 120.0
71 S72 .C
73 !65.C

SOLCCK L DESIGN VARIABLE IhFCRMATICN CARDS AS REQ'D FORMAT 8F10.0
s (AREA ANC CIMENSICK VARIABLES OMIT IF NOVARI-Os XA(l . .0 X (NVAR1)

131 A(NV7.62 .371 8.62; 37 7.62; .375
8 .65 .375 12. 50,2 .50 7.25 .375 7.25 .375
7,t2 .375 23.00 1.50 9.50 .50 14.00 ,75
10.00 .50 7.625 .375 7.625 e375 11.50 e50
!.75 .25

s XAL (If
. .5s 5.00t ,o 5 .250

5.0 .2-0 8.0 o 5,000 .250 5.000 e250
5.000 , 50 15.00 io0 6.00 .25 10.00 050
6.CO * 25 50000 9250 3.00 10 8.0o0 ,25

s xUI, .10

2200 2.5A 1M.0 1.50 15.00 0.o 15.00 1.50
15,Co 1,50 22.00 2,50 15.00 1.-0 15.CO 1.50
l!,CO 10 5C 36.00 2.50 15.00 1.50 26.00 2.00
1!.00 1.50 15.00 1.50 12.00 1.50 22.00 1 .50
12.CO 1.50| t~~s*. et tt t *t* * .* ... ,..3sttlss*.. ~t**4*s sa*5** **. *6**.*.s**t 7**

SBLOCK h JOINT CISPLACEMENT CONSTRAINTS NDSPLC CARDS FORMAT 3110#ZFIO
s (CPIT IF NCSPLCuC IN BLOCK 81
5 JN CIR LC SL SU

J -6.1 6.1
67 1 -6.0 6.0
46 3 3 .0
. 3 1.03.0
2 1 1 -6e,0 6.0

6 3 6.0

23 3 1 -6e0 6.0
64 5 1 -.02 .02al 2 1 -2.0 2.05 1 -.02 .02

VILCCK C FREQUENCY CCNSTRAINTS
S 2.0/- l.,S***selse*** s~t 2 ****s***3**l******84* *i*****5*****t****6***** ** 7**

SELCCK P ENI, CARDENO

K°.

:'|,



APPENDIX B

PROGRAM ORGANIZATION

A. DESCRIPTION

The program organization is layed out in the following

flow charts. The main driver program (SADXM) calls a

subdriver (SADXSD), and the optimizer of the user's choice.

All changes required for replacement of the optimizer are

made in SADXM, thus allowing for easy testing of several

optimizers on the same problem.

SADXSD may be called from the main for input, analysis,

and output. Printed output may vary as the user requires.

A complete listing of all subroutines and their functions is

given in Table XXIV.

9
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TABLE XXTV

SUBROUTINE DIRECTORY
X . .DRIVER PROGRA-FOR-USING THE ABOVE

SUBROUTINES. SADXM MAY BE COUPLED
TO OPTIMIZER OF USER'S CHOICE.

SADXSD SUBDRIVER PROGRAM FOR COUPLING
SADX ROUTINES TO SADXM

SADX01 THIS ROUTINE READS AND PRINTS INPUT DATA
AND ORGANIZES PSEUDO-DYNAMIC STORAGE
ALLOCATION

SADX02 BUILDS VECTORS JC AND IIK FOR FINITE ELEMENT
STRUCTURAL ANALYSIS

SADX03 BUILDS THE 12x12 ELEMENT STIFFNESS MATRIX

SADX05 SUPERIMPOSES THE ELEMENT STIFFNESS MATRIX EK
SOR ELEMENT MASS MATRIX EM) ON THE COMPACTED
LOBAL STIFFNESS MATRIX AK (OR THE GLOBAL

COMPACTED MASS MATRIX AM)

SADX06 BUILDS GLOBAL LUMPED MASS MATRIX

SADX07 LU DECOMPOSES SYMMETRIC ,OSITIVE-DEFINIT'
SPARCE MATRICES,THE UP?ER TRIANGLE OF WH2. L
IS STORED IN MATRIX AK (OR AM) WITH LEADINTG
ZEROES NOT STORED

SADX08 FORWARD AND BACK SUBSTITUTES TO YIELD A
SOLUTION A SET OF LINEAR EQUATIONS
(DECOMPOSED BY SADX07 OR EQUIVALENT)

SADX09 PRINTS ALL JOINT DISPLACEMENTS FOR EACH
LOAD CONDITION OF A FINITE ELEM. STRUCTURE

SADX11 ROUTIIE TO ORGANIZE ANALYSIS

SADX15 CALCULATES VALUES FOR ALL DFSIGN AND
BE3VIORIAL CONSTRAINTS AS DEFINED BY
"SADX" PROGRAM

SADX16 CALCULATES STRESS I1 TRUSS ELE .ENT LNO
UNDER LOAD :ONDITION JJ

'4 SADX17 PRINTS STRESSES AND/OR FORCES FOR
TRUSS ELEMENTS

SADX19 ADDS ELEMENT MNSS MATRIX AA OF ELEMENT
LNO TO GLOBAL MASS MATRIX AM TO BUILD
THE LUMPED MASS MATRIX

SADX23 CALCULATES WEIGHT OF r3USS/FRAME STRUCTURE
OR CALCULATE WEIGHT 3? IND VIDUAL MELBERS

SADX36 CALCULATES (XEIG-T*Am*XEIG) FOR
GRADIENT CALCULATIONS IN FREQUENZY
CONSTRAINTS

SADX37 CALCULATES EIGENVALOE GRADIENT I4FORMATION
IN FINITE ELEMENT STRJCTURAL ANALYS:S AND
DESIGN

93
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SADX46 READS INPUT INFORMATION FOR TRUSS
ELEMENTS

SADX47 TRANSFOR.S THE ELEMENT STIFFNESS MATRIX
BK OR ELEMENT MASS MATriX EM) FROM LOCAL
TO LOBAL COORDINATES

SADX49 SOLVES REAL EIGENVALUE PROBLEMS USING
THE SUESPACE ITERATION METHOD

SADX50 BUILDS INITIAL SET OF BASIS VECTORS
FOR EIGENS3LUTION BY REDUCED BASIS
METHOD

SADX53 PRINTS MEMBER INFORMATION FOR TRUSS
ELEMENTS

SADX62 PRINTS NEIG EIGENVALUES STORED IN
EIGVAL AND THEIR CORRESPONDING
EIGENVtCTORS STORED IN XEIG

SADX71 PRINTS G VECTOR OF CONSTRAINTS

SADX72 READS IN FRAME ELEMENT INPUT DATA

SADX78 BUILDS 3x3 TRANSFORMATION ARRAY rEFORM
FOR TRANSFORMING FROM LOCAL TO GLOBAL
COORDI NATES

SADX80 CALLS SADX03 TO BUIT.D THE ELEMENT STIFFNESS
MATRIX; CALLS SADX4 TO TRANSFORM THE MATrIX;
AND CALLS SADX05 TO BUILD THE REDUCED GLOBAL
STIFFNESS MATRIX

SADX81 CALCULATES STRESS IN FRAME ELEMENT LNC UNPER
LOAD CONDITION JJ (IF JJ=O ST2SSES CALCUL-
ATED FOR ALL LOAD CONDITIONS)

SADX82 READS INPUT DATA FOR FRAME ELEMENTS W:TH
SPECIFIED SECTION TYPES

SADX83 PRINTS STRESSES AND/OR FORCES FOR FRAME
ELEMENTS

SADX84 PRINTS ME.MBER INFORMATION FOR FRAME ELEMENTS

EADX85 CALCULATES SECTION PROPERTIES FOR FRAME
ELEMENTS OF A fECTION TYPE GIVEN BY LSECT

SADX86 CALLS EITHER SADX06 TO BUILD THE LUMPED ,iASS
MATRIX OR BUILDS THE ZONSISTENT MASS MATRIX
BY CALLING SADX87 TO BUILD THE ELEMENT MASS
MATRIX, SADX78 TO BUILD THE TRANSFORMATION
MATRIX" SADX47 TO TRANSFORM THE ELEMENT MASS
MATRIX, AND SADX88 TO ASSFMBLE THE COMPACTED
GLOBAL MASS MATRIX

SADX87 CALLS BUILDS THE ELEMENT CONS:STENT MASS
MATRIX

94
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SADX88 COtV..rS UNFORMATTED DATA TO FORMATTED DATA
IN FIELDS OF 10 EACH RIGHT JUSTIFIED AND
ACCEPTS C:,MENf CARDS IN DATA

SADX89 SOLVES EIGENVALUE PROBLEM IA-ALA1BD*BI Y=0

SADX90 SOLVES EIGENVALUE PROBLEM

SADX91 SOLVES EIGENVALUE PROBLEM

SETIME STARTS EXEZUTION TlIt'R
(NONIMSL LIBRARY)

GETIME STOPS EXECUTION TIMER
(NONIMSL LIBRARY)

E

4
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TABLE XXV

PROGRAM BLOCK DIAGRAM

SETINZi- (10 ISL LIBRARY)
SSkDX88-SADXJO1 S ADQ4 6
SID172-S &D185
S AD102

SAD185
-S 3DX03

SAD 8 0t SAWS7
S&DI'17'SADXOS
SADX06-SAD1 19

SkD18 S&DX87SADI86SkDX78SADZI SAD1L47
SSADJO5

SADX 07
SAD123
SADX8 ADX0 8

SADIMf SADXS LAAX9,=~ DX89cSADX90

SADX123 SD9

SAD I15=~SAD! 10=9 RD103
SADIS 1c53ADX78

SAD153 SD0
SAD X8L4
SADX79
S ADXl?-SAD! 1 6rSAD178

SAD83-SADr81jCSAoX78

S ADX62
"s X71

- -ONIHSL LIBRARY)
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